WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C12Q 1/68, 1/70 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/28503 

10 June 1999 (10.06.99) 



(21) International Application Number: PCT/US98/24494 

(22) International Filing Date: 1 6 November 1 998 ( 1 6. 1 1 .98) 



(30) Priority Data: 

RM97A000749 3 December 1997 (03.12.97) IT 



(71) Applicant (for all designated States except US): DIASORIN 

INTERNATIONAL INC. [US/US]; 2nd floor, 15 West 54th 
Street, New York, NY 10019 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): PRIMI, Daniele [IT/IT]; 
Via Trento, 72, 1-25100 Brescia (IT). MANTERO, Giovanni 
[IT/IT]; Via Vescovado, 7, 1-25020 Milzano (IT). 

(74) Agents: HEMMENDINGER, Lisa, M. et al.; Banner & Witcoff, 
Ltd., 11th floor, 1001 G Street, N.W., Washington, DC 
20001-4597 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO. RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 
With amended claims. 



(54) Title: METHODS OF DETECTING POLYNUCLEOTIDE ANALYTES 



(57) Abstract 

Sensitive and specific methods of detecting single-stranded polynucleotide analytes can be used in manual or automated diagnostic 
assays and to screen blood samples for the presence of infectious agents. The methods can be used to detect any single-stranded 
polynucleotide analyte whose sequence is known. Single-stranded DNA analytes which are present in a biological sample at a concentration 
of 0.1 fg//il can be detected. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify StateS party to the PCT on the front pages of pamph.ets pub.ishing interna, app.ications under the PCX. 



AL Albania 
AM Armenia 
AT Austria 
AU Australia 
AZ Azerbaijan 
BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cdte d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 

FI 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav 

Republic of Macedonia 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

MX Mexico 

NE Niger 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senega] 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



WO 99/28503 



PCTAJS98/24494 



METHODS OF DETECTING POLYNUCLEOTIDE ANALYTES 



TF fTTNTr AL ARE A fYF THE INVENTION 

The invention relates to the area of detecting polynucleotide analytes. More 
particularly, the invention relates to diagnostic assays based on the detection of 
5 specific nucleotide sequences. 

WArrettOITN D OT THE INVENTION 

The polymerase chain reaction (PCR) has had a substantial impact on the 
diagnosis of genetic and infectious disease. The ability of this method to amplify 
minute amounts of specific DNA sequences in a mixture of host DNA makes it a 

10 powerful diagnostic tool. 

PCR, however, has inherent problems and limitations. The extreme sensitivity 
of PCR paradoxically leads to one of its major drawbacks, the occurrence of false 
positive results. Very small amounts of the amplified target sequence, of which up to 
10 9 copies can be present in a single PCR solution, can contaminate laboratory 

15 equipment or reagents. The PCR product can even spread as airborne droplets in 

areas of sample or reagent preparation. This contaminating DNA can then serve as a 
template for further amplification, resulting in false positive results in subsequent 
samples. A common precaution against this type of error is the establishment of 
procedures to physically separate the steps of PCR reactions in a laboratory and/or 

20 the routine use of chemical and enzymatic methods for inactivating PCR products. 

These constraints add further cost and inconvenience to the use of PCR in routine 
laboratory environments and are not completely effective in preventing 
contamination. 
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Another problem with PCR-based diagnostic methods is that the clinical 
relevance of a positive PCR result is questionable when small numbers of pathogenic 
organisms are present in samples from persons who are clinically unaffected. Further, 
because PCR amplifies only a portion of the genome of an infectious agent, another 
5 source of error is the detection of nonviable organisms. In such instances, detection 

of cDNA by reverse-transcription PCR of messenger RNA encoded by the 
pathogenic organism could be misinterpreted as evidence of active infection. Finally, 
because PCR uses two primers to achieve exponential amplification, the method is 
sensitive to genetic variability of the target sequence. 
10 Thus, there is a need in the art for reliable and convenient methods which can 

sensitively and specifically detect single-stranded DNA analytes in a biological 
sample. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide sensitive and specific methods for 
15 detecting the presence of a polynucleotide analyte in a biological sample. This and 

other objects of the invention are provided by one or more of the embodiments 
described below. 

One embodiment of the invention is a method of detecting the presence of a 
single-stranded polynucleotide analyte in a biological sample. A polynucleotide 

20 molecule on a solid support is detected. The polynucleotide molecule comprises a 

single-stranded polynucleotide analyte and one or more single-stranded 
polynucleotide probes which specifically hybridize to the single-stranded 
polynucleotide analyte to form one or more first portions of the polynucleotide 
molecule which are double-stranded. At least one of the single-stranded 

25 polynucleotide probes is bound to the solid support. Detection of the first portion of 

the polynucleotide molecule on the solid support indicates the presence of the single- 
stranded polynucleotide analyte in the biological sample. 

Another embodiment of the invention is a kit for detecting a single-stranded 
DNA analyte in a biological sample. The kit comprises at least one DNA probe 

30 which is single-stranded, a solid support, and a monoclonal antibody which 
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specifically binds to double-stranded DNA The DNA probe comprises a first 
binding moiety. The solid support comprises a second binding moiety. The first and 
second binding moieties specifically bind to each other. 

Yet another embodiment of the invention is a kit for detecting a single- 
5 stranded DNA analyte in a biological sample. The kit comprises a solid support and a 

monoclonal antibody which specifically binds to double-stranded DNA The solid 
support comprises one or more single-stranded DNA probes. 

Even another embodiment of the invention is a single-stranded DNA primer 
which consists of a sequence selected from the group consisting of the nucleotide 
10 sequences shown in SEQ ID NOS: 1, 2, 3, 5, 8, 10, and 12. 

The present invention thus provides the art with a method of detecting a 
single-stranded polynucleotide analyte in a biological sample. The method is sensitive, 
specific, and reliable, and can be used in manual or automated diagnostic or screening 
assays. 

15 ^titf DBSCM prrnN OF THE DRAWINGS 

Figure 1 demonstrates detection of CMV particles in serum using 
Amplification Independent DNA Assay (ATDA). 

Figure 2 demonstrates the increase in sensitivity obtained after carrying out a 
polymerase elongation step after hybrid capture. 
20 Figure 3 shows the results of an ATDA test on the sera of control and HIV- 

positive patients. 

™^tt ™ TWSraTPT™^ ™ TRF PttFFFffWFD FTVmODTMENTS 

The present invention solves problems inherent with exponential amplification 
methods by using a single polynucleotide probe to both capture a single-stranded 
25 polynucleotide analyte and to generate a detection signal. The method provides a 

sensitive and specific method of detecting a particular single-stranded polynucleotide 
analyte in a biological sample without need to resort to the elaborate and expensive 
procedures required with PCR-based methods. For example, the method is capable 
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i 

of detecting a single-stranded DNA analyte present at a concentration as low as 0. 1 fg/ul. 

The single-stranded polynucleotide analyte can be DNA or RNA, preferably 
genomic or cDNA. If the presence of a DNA virus in a biological sample is 
suspected, specific sequences in the viral genome can be detected after extraction of 
5 genomic DNA from serum or whole blood (see Example 8, below). A single- 

stranded DNA analyte can be generated in the biological sample from a double- 
stranded starting material, for example, by heating or chemically treating the 
biological sample to denature double-stranded DNA. If the presence of an RNA 
virus is suspected, the RNA viral genome can be converted into single-stranded DNA 
10 using reverse transcriptase, as is known in the art (see Example 2, below). Similarly, 

the presence of any mRNA can be detected by first converting the mRNA into single- 
stranded DNA. 

Methods of the invention can be used to detect the presence of pathogens, 
such as a bacteria, viruses such as hepatitis C (HCV), hepatitis B (HBV), hepatitis G 

15 (HGV), or human immunodeficiency virus (HIV), fungi, protozoa, parasites, or 

mycoplasma. Any organism which contains RNA or DNA can be detected. The 
method can be used to detect the presence of genetic mutations which have 
diagnostic or prognostic value. Pathogen contamination of food and drink supplies 
can also be detected using the method. 

20 The biological samples used for diagnostic purposes can be, for example, 

samples such as tissue or cellular extracts, whole blood, serum, or plasma. Blood 
samples can be obtained by venepuncture or by accessing capillary veins of the finger 
or heel of a postnatal human. Tissue or cell samples can be obtained using 
appropriate biopsy methods. Prenatal samples of fetal blood or tissue can also be 

25 tested. Biological samples used for analytical purposes can be those described above 

or can be, for example, samples of food, drink, or bodies of water, such as ponds, 
rivers, lakes, or pools. 

The presence of a single-stranded polynucleotide analyte in a biological 
sample is indicated by detecting a double-stranded polynucleotide molecule on a solid 

30 support. The double-stranded polynucleotide molecule is formed by specific 

hybridization of the single-stranded polynucleotide analyte with one or more single- 
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stranded polynucleotide probes. After hybridization, all or a portion of the single- 
stranded polynucleotide analyte can be double-stranded. At least one of the probes is 
bound to the solid support and thus is used both to capture the single-stranded 
polynucleotide analyte and to form a double-stranded polynucleotide portion which is 

5 then detected. 

In one embodiment of the invention, AIDA (Amplification Independent DNA 
Assay), the presence of a single-stranded polynucleotide analyte, preferably a single- 
stranded DNA analyte, present in very low concentration in a biological sample can 
be detected independent of analyte amplification. Instead, the only amplification 

10 which may occur in AIDA is amplification of the number of regions of the single- 

stranded analyte which can be detected using a reagent which specifically binds to 
double-stranded polynucleotide molecules, such as an anti-double-stranded DNA 
antibody. This procedure is highly innovative because it eliminates problems related 
to analyte amplification, such as cost and contamination, and also provides high levels 

15 of sensitivity. 

The AIDA assay can be carried out in any practical sample volume. Most 
conveniently, the AIDA assay is carried out in a 0.05 to 5 ml sample, preferably in a 
0. 1 to ! ml sample. Typically, a biological sample is contacted with one or more 
polynucleotide probes, preferably DNA probes, which are single-stranded and 

20 complementary to one or more regions of the single-stranded DNA analyte. A DNA 

probe is complementary to a single-stranded DNA analyte if its nucleotide sequence 
will form hydrogen-bonded base pairs with a nucleotide sequence in the single- 
stranded DNA analyte. DNA probes which are complementary to any known 
nucleotide sequence can be synthesized chemically, using an automated 

25 oligonucleotide synthesizer, such as the PCR Mate - EP 391 DNA synthesizer 

(Applied Biosystems, Foster City, CA), using P-cyanoethyl phosphoramidite 
chemistry. This method is described in S.L. Beaucage, S.L. and M.H. Caruthers, 
Tetrahedron Lett., 22, 1859-62 (1989). Additional quantities of the DNA probe can 
be generated, for example, using a DNA polymerase, as is known in the art. 

30 The sensitivity of the method is influenced by the length of the single-stranded 

DNA probe. Suitable DNA probes are at least 20, 30, 40, 50, 60, 70, 80, 90, or 100 
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nucleotides in length, and DNA probes of at least 50 nucleotides are preferred. 
However, any probe, regardless of length or sequence, can be used. 

Preferred DNA probes for use in the present invention are those which 
comprise the sequences shown in SEQ ID NOS:6, 9, 13, and 18. The nucleotide 
sequence shown in SEQ ID NO:6 is complementary to a portion of a hepatitis C 
genome. The nucleotide sequence shown in SEQ ID NO:9 is complementary to a 
portion of a hepatitis B genome. The nucleotide sequence shown in SEQ ID NO:13 
is complementary to a portion of a hepatitis G genome. The nucleotide sequence 
shown in SEQ ID NO:18 is complementary to a portion of an HIV genome. 

Preferably, the biological sample is contacted with the single-stranded 
polynucleotide probe in an aqueous solution. The solution can contain certain 
agents, such as polyvinylpyrrolidone, bovine serum albumin, the synthetic sucrose 
polymer "FICOLL 400," salmon sperm DNA, and yeast KNA, to decrease non- 
specific binding of the probe to proteins, polysaccharides, and nucleic acids. The step 
15 of contacting is carried out under conditions where single-stranded polynucleotide 

probes hybridize to complementary single-stranded polynucleotide analytes to form 
double-stranded polynucleotide molecules. Variables involved in determining 
hybridization conditions include probe length and concentration, concentration of 
single-stranded polynucleotide analyte, temperature, salt concentration, and the 
20 relative percentage of G-C versus A-T bonds which can be formed between the 

polynucleotide probe and the single-stranded polynucleotide analyte. Conditions 
suitable for hybridizing a particular probe-analyte pair can readily be determined by 
one of skill in the art. Basic manuals of recombinant DNA techniques, such as 
Sambrook et al, Molecular Cloning: ALaboratory Manual, 2d ed. (Cold 
25 Spring Harbor Press, Cold Spring Harbor, New York), can be referred to for this 

purpose. Single-stranded polynucleotide molecules which do not specifically 
hybridize to the single-stranded polynucleotide probes employed can be eliminated, 
for example by one or more washing steps. 

At least one of the polynucleotide probes which hybridize to the single- 
stranded polynucleotide analyte is used to affix the double-stranded polynucleotide 
molecules to a solid support. The single-stranded polynucleotide probe can be 
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attached to the solid support prior to or after hybridization with the single-stranded 
polynucleotide analyte, as is desired. 

Any method known in the art can be used to attach the single-stranded probe 
to the solid support. For example, two binding moieties which specifically bind to 
5 each other can be used. The probe can comprise a first binding moiety, such as 

biotin. A biotin moiety can be bound to the 5 ' end of a DNA probe, for example, 
during automated synthesis by using Biotin-Phosphoramidite (Amersham), resulting 
in a biotinylated DNA probe. The solid support then comprises a second binding 
moiety, such as avidin or streptavidin. Alternatively, the first binding moiety can be 
10 avidin or streptavidin and the second moiety can be biotin. Other specific binding 

pairs, such as antibody-antigen pairs, can be used to bind the probe to the solid 
support. Any two binding partners can be used which specifically bind to each other 
with a K D less than 10' 7 , lO**, 10' 9 , or preferably 10 12 . 

Alternatively, the probe can be covalently bound to the solid support, for 
15 example by use of a covalent cross-linker such as l-(p-azidosalicylamido)-4- 

(iodoacetamido)butane, l-ethyl-3-(3-dimethyl-aminopropyl)carbodimide 
hydrochloride, JV-hydroxylsulfo-succinimidyl 4-azidobenzoate, sulfosucinimidyl 4- 
(p-aadophenyl)butyrate, sulfosuccinimidyl P-[alpha-methyl-alpha-(2- 
pyridyldithio)toluamido]hexanoate, l,4-di-[3Hd'-pyridyldithio) propionamido] 
20 butane, sulfosuccinimidyl 2-(7-azido-4-methylcoumarin-3-acetamide) ethyl- 1,3'- 

dithiopriopionate, or sulfo-succinimidyl 7-azido-4-methylcoumarin-3-acetate. The 
second binding moiety can be bound to the surface of the solid support by passive 
absorption or by use of a covalent cross-linker. 

The solid support can be any surface to which the single-stranded probe can 
25 be attached. Suitable solid supports include, but are not limited to, glass or plastic 

slides, tissue culture plates, microtiter wells, tubes, or particles such as beads, 
including but not limited to latex, polystyrene, or glass beads. The efficiency of the 
method is increased if particles are used as the solid support. In this case, the 
particles can be placed in a tube for use as a fixed or removable cartridge or in a 
30 microtiter well, for use in either manual or automated assays. 
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Detection of the presence of a double-stranded polynucleotide molecule on 
the solid support indicates the presence of the single-stranded polynucleotide analyte 
in the biological sample. A variety of methods are available to detect the presence of 
double-stranded polynucleotide molecules on the solid support. Preferably, a reagent 
which specifically binds to double-stranded polynucleotide molecules, particularly 
double-stranded DNA molecules, can be employed for this purpose. Such reagents 
include, but are not limited to, proteins (such as antibodies, antibody fragments, and 
DNA binding proteins) and dyes specific for double-stranded DNA, such as ethidium 
bromide. Preferably, the reagent is an antibody, such as a polyclonal or monoclonal 
antibody, or an antibody fragment, such as an Fab, FCab)'* or a single-chain 
antibody. Most preferably, the antibody has an affinity for double-stranded DNA 
molecules at least 100-, 500-, 1,000- or 10,000-fold greater than for single-stranded 
DNA molecules. A monoclonal antibody with these properties can be produced, for 
example, by conventional procedures for generating antibody-secreting hybridomas, 
using spleen cells from an animal which is susceptible to autoimmune disease, such as 

an MRL/lpr mouse. 

The bound antibody can be directly or indirectly coupled to a reporter system, 
in which a detectable signal is generated which is proportional to the amount of 
double-stranded DNA which is bound to the solid support. For example, the 
antibody can comprise a detectable label, such as a radioactive, fluorescent, 
chemiluminescent, or colloidal gold label. Methods for detecting these labels, such as 
spectrophotometry, autoradiography, nephelometry, fluorimetry, or flow cytometry, 
are well known in the art. Alternatively, the antibody can be detected using an 
indirect immunochemical method, for example, by adding peroxidase-or alkaline 
phosphatase-labeled protein A after binding the double-stranded DNA antibody and 
carrying out a chromogenic reaction, or by use of a second antibody which is labeled 
and immunoreactive with the first antibody. Optionally, the presence of antibody 
bound to double-stranded DNA molecules can be detected by monitoring changes in 
electrical conductance of a solution in contact with stranded DNA molecules, as is 
known in the art. 
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Preferably, the antibody and detection system used are capable of detecting 
double-stranded DNA molecules which are present in the biological sample at a 
concentration of less than 0.3 pg/ul. Most preferably, double-stranded DNA 
molecules which are present in the biological sample at a concentration of less than 5 
5 fg/ul, less than 1 fg/fil, less than 0.5 fg/ul, or less than 0. 1 fg/ul can be detected. A 

preferred detection system is the ETI-2 system, available from DiaSorin and 
described in Example 1, below. 

Ideally, the method of detecting the amount of antibody bound to double- 
stranded DNA molecules provides a signal which is at least 2-, 5-, 10-, 20-, or 50- 
10 fold higher than a background signal. The sensitivity of the detection step can be 

increased, for example, by providing additional binding epitopes for the anti-double- 
stranded DNA antibody. Additional binding epitopes can be provided in the 
hybridization step, by adding additional single-stranded DNA probes which are 
complementary to the single-stranded DNA analyte but whose nucleotide sequence 
15 does not overlap that of the DNA probe used to affix the analyte to the solid support. 

Additional binding epitopes can also be provided by carrying out a 
polymerase elongation step, either before or after the analyte is affixed to the solid 
support, before the addition of the antibody. In this way, single stranded portions of 
the DNA analyte can be converted to double-stranded DNA, creating a considerable 
20 increase in the number of epitopes which can be recognized by the anti-double 

stranded DNA antibody. Because this reaction is carried out at 37° C for 10 
minutes, any conventional, non-thermostable polymerase, such as T4, T7, or Klenow, 
can be used. It is also possible to provide additional binding epitopes by coupling 
additional double-stranded DNA, either in linear form or as dendrimers, to the single- 
25 stranded DNA probe. 

Detection of double-stranded polynucleotide molecules can be either 
qualitative or quantitative. Qualification can be accomplished, for example, by 
comparing the amount of detectable label on an antibody which specifically binds to a 
double-stranded DNA with a standard curve or by providing an internal standard 
30 against which to measure the amount of antibody which is bound to double-stranded 

DNA in the biological sample. 
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The AIDA method provides a unique tool for simultaneously detecting the 
presence of two or more different single-stranded polynucleotide analytes in a single 
sample using a single reaction. This ability is useful, for example, to screen 
erythrocyte concentrates prepared from donated blood for the presence of HTV, 
hepatitis B, hepatitis G, and hepatitis G viral sequences, in order to avoid 
contamination which can occur during the window period. In this case, the biological 
sample is contacted with a mixture comprising single-stranded DNA probes specific 
for each single-stranded DNA analyte to be detected. If desired, a biological sample 
which provides a positive detection signal when screened can then be analyzed with 
individual probes to identify the contaminating single-stranded DNA analyte. 

In another embodiment of the invention, additional copies of a single-stranded 
DNA analyte are synthesized to enrich the biological sample for the single-stranded 
DNA analyte. The size of the biological sample can thus be smaller than the 
biological sample used in the AIDA method above. This method is termed LEDIA 
(Linearly Enriched DNA Immunoassay). Typically, the LEDIA method can be 
performed using a biological sample of 100 ul. 

Additional copies of the single-stranded DNA analyte can be synthesized, for 
example, using a thermostable DNA polymerase isolated from an organism such as 
Pyrococcus furiosus or Thermus aquaticus. Any commercially available thermal 

cycler can be used. 

In the present invention, occurrence of exponential amplification after a 
sufficient number of cycles is an undesired result which can be avoided by careful 
choice of enrichment conditions. The efficiency of linear versus exponential 
enrichment of a target sequence depends on several parameters, including number of 
cycles, sequence and concentration of primer, temperature, and amount of DNA 
polymerase. Optimization of these variables is discussed in detail in Example 12, 
below. 

Preferably, the step of synthesizing employs one single-stranded DNA primer 
so that additional copies of the complement of the single-stranded DNA analyte are 
not synthesized. Most preferably, the kinetics of enrichment of the biological sample 
for the single-stranded DNA analyte are linear. To achieve linear enrichment for the 



10 



99/28503 PCT/US98/24494 
single-stranded DNA analyte, fewer than 50 polymerization cycles are employed. 
Most preferably, fewer than 49, 48, 47,46, 45, 40, 39, 38, or 30 polymerization 

cycles are employed. 

Primers for use in the LEDIA method must be specifically identified by 
routine testing in a LEDIA assay. Testing of several possible primers generally 
results in identification of a primer which is suitable for enriching a biological sample 
for a particular single-stranded DNA analyte. Examples of single-stranded primers 
which are suitable for use in the LEDIA method are primers which comprise one of 
the nucleotide sequences shown in SEQ ID NOS.l, 2, 3, 4, 5, 8, or 12. Primers with 
the nucleotide sequences shown in SEQ ID NOS:l-5 can be used to enrich a 
biological sample for portions of a hepatitis C genome. Primers with the nucleotide 
sequence shown in SEQ ID NO.8 cm be used to enrich a biological sample for a 
portion of ahepatitisB genome. Primers with the nucleotide sequence shown in 
SEQ ID NO:12 can be used to enrich a biological sample for a portion of a hepatitis 
G genome. 

Detection of a single-stranded DNA analyte using the LEDIA method does 
not require any chemical modification of the analyte. Furthermore, the LEDIA 
method avoids the risk of contamination which is inherent in exponential 
amplification techniques such as PCR. Because the enriched strand contains no 
sequences which are complementary to the DNA probe, the enriched strand cannot 
serve as a template for further reactions. The risk of contamination is therefore 
rnmimized. The LEDIA method therefore can sensitively and specifically detect a 
single-stranded DNA analyte without the occurrence of false positives which 
frequently occur with exponential amplification techniques. This feature of the 
LEDIA method avoids the need to set up cumbersome and often expensive 
procedures for physically isolating different steps of the reaction, such as treatment of 
samples, preparation of reagents, execution of the reaction, and analysis of the 

end-products of the reaction. 

A further advantage of the single-primer-based LEDIA method is that it is 
less sensitive to genetic variability of the single-stranded DNA analyte than methods 
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based on the use of two primers, such as PCR. This feature of LEDIA is particularly 
relevant for detection of viruses which have high genetic variability, such as HTV. 

The LEDIA method is also particularly well-suited for quantitative 
applications. Because the enrichment of the biological sample for the single-stranded 
5 DNA analyte is linear rather than exponential, results can be reliably compared, for 

example, to a standard curve. 

As with the AIDA method described above, the LEDIA method can be used 
to detect two or more different single-stranded DNA analytes in the same biological 
sample. Two or more different single-stranded DNA primers can be used to enrich 
10 the biological sample for two or more single-stranded DNA analytes. For example, 

primers which can be used for linear enrichment of portions of hepatitis B, hepatitis 
C, hepatitis G, and HTV genomes can be used to amplify each of these analytes in one 
biological sample. 

The invention also provides kits which can be used for diagnosis or to screen 

15 a biological sample for the presence of one or more polynucleotide analytes. Kits 

which comprise one or more single-stranded DNA probes, a solid support, and a 
monoclonal antibody can be used to detect a single-stranded DNA analyte in a 
biological sample. The DNA probe can comprises a first binding moiety and the solid 
support can comprises a second binding moiety which specifically binds to the first 

20 binding moiety, as described above. Alternatively, the solid support can comprise 

one or more single-stranded DNA probes. 

Kits can additionally comprise written instructions for detecting a single- 
stranded DNA analyte using the AIDA method. Optionally, a thermostable DNA 
polymerase, such as a polymerase isolated from Thermus aquaticus or Pyrococcus 

25 furiosus, and a primer for linear enrichment of a single-stranded DNA analyte can be 

included in a kit, together with written instructions for detecting the single-stranded 
polynucleotide using the LEDIA method. Kits which can be used to detect two or 
more distinct single-stranded DNA analytes in a single biological sample can be 
provided by including additional DNA probes and single-stranded DNA primers. 

30 The AIDA and LEDIA methods can also be employed in partially or fully 

automated assays. An automated microwell plate reader can be used to carry out the 
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detection step of the method. Alternatively, an automated plate processor can be 
used to carry out the entire method. Optionally, solid supports such as beads cn be 
placed in a tube or cartridge, as described above. 

The Mowing are provided for exemplification purposes only and are not 
intended to limit the scope of the invention which has been described in broad terms 
above. 

T.YAMPLE 1 

Example 1 demonstrates detection of CMV-DNA in sera by AID A. 

Extraction of DMA. CMV particles (TOWNE strain, AD 169) were obtained 
from ABI, Rivers Park, Guilford Road, Columbia, MD 21048. The viral particle 
count was 3.85 billion/ml. CMV particles were serially diluted in 200 ul of normal 
serum obtained from a CMV negative blood donor. DNA was extracted from the 
spiked serum using a QIAamp Blood kit by Qiagen (Cat. No. 29104) according to 
the manufacture's instructions. Qiagen protease (25 ul) was added to a 1.5 ml 
centrifuge tube with 1 50 ul of serum, and the volume was adjusted to 200 ul with 
PBS. Two hundred microUters of buffer AL was added to the tube. The contents 
were vortexed for 15 seconds and incubated at 70°C for 10 minutes. After mixing, 
210 ul of ethanol (96-100%) was added, and the sample was mixed again by 
vortexing. 

The mixture was applied carefully to a QIAamp spin column and centrifuged 
at 6000 x g (8000 rpm) for 1 minute. The column was placed in a clean 2 ml 
collection tube, and the collection tube containing the filtrate was discarded. The 
QIAamp spin column was carefully opened, and 500 ul of Buffer AW was added. 
The spin column was centrifuged at 6000 x g (8000 rpm) for 1 minute. The column 
was placed in a clean 2 ml collection tube, and the collection tube containing the 
filtrate was discarded. The QIAamp spin column was carefully opened and another 
500 ul of Buffer AW was added. The column was again centrifuged at full speed for 
3 minutes. After centrifugation, the column was placed in a clean 1.5 ml microfuge 
tube, and the collection tube containing the filtrate was discarded. 

Hybridization. The DNA was eluted from the column with 50 ul of buffer 
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AE preheated to 70°C. The samples were incubated at 70°C for 5 minutes in a 
heating block and then centrifuged at 9000 rpm for 1 minute. The tube was rotated 
in the centrifuge and centrifuged again for another minute. 

Fifteen microliters of IN NaOH was added to 50 ul of the sample and mixed 
by vortexing. The sample was boiled for 5 minutes at 100°C, placed on ice, and 
centrifuged briefly. Ten microliters of a biotinylated, CMVS3-12-specific probe 
(diluted 1 ng/ul in H 2 0) was added to the sample. The sample was boiled for 5 
minutes and mixed by vortexing. Following the addition of 22.5 ul of 666 mM HCl 
and 333 mM Tris pH 8, 14.3 ul of hybridization buffer (5.5 ul of 20 x SSC, 4.4 ul of 
50X Denhard's solution, 4.4 ul of 500 mM EDTA, pH 8) was added. The sample 
was mixed by vortexing and centrifuged briefly. 

Detection with anti-double-stranded DNA antibody. After a one-hour 
incubation at 50°/60°C with shaking, the tube was placed on ice, then centrifuged 
briefly. The whole volume was dispensed in one microwell of a GEN-ETI-K DEIA 
coated strip (DiaSorin, code number M2600998143). The strip was covered with a 
cardboard sealer and incubated overnight at 4°C. 

The strip was washed 5 times with wash buffer ETI-2 (DiaSorin) using an 
ETY-SYSTEM washer (DiaSorin) or its equivalent. Anti-double-stranded DNA 
antibody 27-14-D9 was diluted 1:50 in anti-double-stranded DNA diluent (DiaSorin, 
code number M2600999839), and 100 ul of the diluted antibody was added to the 
well. After a 30 minute incubation at 37 a C, the well was washed 5 times with ETI-2 
buffer. The sample was then incubated for 30 minutes at 37°C with 100 ul of protein 
ABS3 enzyme tracer (DiaSorin, code number M2600999876) diluted 1:50 in tracer 
diluent (DiaSorin, code number M2600999840), and washed 5 times with ETI-2 
buffer. The sample was incubated for 30 minutes at room temperature in the dark 
with 100 ul of a 1:1 mixture of ETI-2 chromogen (DiaSorin, code number 
M260099803) and ETI-2 substrate (Diasorin, code number M260099804). DiaSorin 
M26000654 blocking reagent (200 ul) was added, and the absorbance of the 
specimen was measured with a spectrophotometer at 450-630 nm. 

At least 100 particles of CMV could be detected, as shown in Figure 1. 
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EXAMPLE 2 

This example demonstrates detection of hepatitis C sequences in serum 
samples using AIDA with the following steps: (a) extraction of total RNA from a 
serum pellet, (b) conversion of RNA into first strand cDNA using the enzyme reverse 
transcriptase, (c) liquid-phase hybridization of cDNA with a biotinylated probe, and 
(d) capture of cDNA-probe hybrids onto microplate wells coated with streptavidin, 
and (e) detection of the specific hybrids by a DNA ELIS A, using the 
anti-double-stranded DNA monoclonal antibody 27-14-D9. Each step of the method 
was carried out as follows. 

(a) Extraction of total RNA from serum. A 1 .5 ml serum sample was 
centrifiiged at 14,000 x g for one hour to pellet viral particles. The supernatant was 
separated from the pellet and conserved. The pellet was resuspended in 100 (A of 
supernatant and processed for RNA extraction. Extraction of the HCV RNA 
genome was accomplished using the Tripure Isolation Reagent (Boehringer 
Mannheim, Mannheim, Germany) according to the manufacturer's instructions. The 
final pellet containing RNA was resuspended in 30(A of diethyl-pyrocarbonate- 
treated H 2 0 (SIGMA Chemicals, St. Louis, MO). 

(b) Conversion of RNA into first strand cDNA by the enzyme reverse 
transcriptase. First strand cDNA synthesis was performed using the reverse 
transcriptase enzyme Superscript II (Life Technology), using random examers (Life 
Technology) as cDNA primers. The RNA sample (1 1 /A) and 1 (A of examers (250 
ng/fA) was heated at 70°C for 10 minutes and cooled at room temperature for 10 
minutes. To each tube was added 4 /A of 5x first strand synthesis buffer (250 mM 
Tris HC1 , pH 8.3, 375 mMKCl, 15 mMMgCy, 2 /A of 0.2 MDTT, 1 iA of dNTPs 
(10 mM each), and lfA of Superscript, in a total reaction volume of 20 (A- The 
mixture was incubated at 42°C for 1 hour. After that time, the enzyme was 
inactivated by heating the sample to 65°C for 10 minutes. 

(c) Liquid-phase hybridization. Complementary DNA obtained from viral 
RNA and 10 ng of a biotinylated HCV probe having the nucleotide sequence shown 
in SEQ ID NO:6 (1 ng/ml) were mixed, heat-denatured at 100°C for ten minutes, 
quickly cooled on an ice bed, then hybridized for 90 minutes at 65°C in a 
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hybridization mixture containing 1 x SSC (150 mM NaCl, 15 mM trisodium citrate), 
2x Denhardt's solution (lx Denhardt's solution is 0.2 g/1 bovine serum albumin, 0.2 
g/1 "FICOLL," and 0.2 g/ polyvinylpirrolidone), 10 ng of the biotinylated HCV probe 
having the nucleotide sequence shown in SEQ ID NO:6, and the entire cDNA 
reaction (20 (A), in a total volume of 100 (A. At the end of the incubation, the 
hybridization mixture was quickly cooled in dry-ice-ethanol bath (or, alternatively, in 
liquid nitrogen bath) for five seconds, and then maintained on an ice bed for five 
minutes. 

'(c) Hybrid capture onto streptavidin-coated microtiter wells. The cooled 
hybridization mixture was added to streptavidin-coated microtiter wells and 
incubated overnight at 4°C. 

(d) Detection of the specific hybrids by DNA ELISA with anti-double- 
stranded DNA antibody. The captured HCV sequence was detected by a procedure 
involving an anti-double-stranded DNA antibody able to discriminate single- 
stranded from double-stranded DNA. The double-stranded DNA hybrids were 
visualized by generating a colorimetric signal. 

The assay was carried out as follows. After capture of double-stranded 
hybrids, the wells were washed seven times with 300 /A of washing buffer (6.7 mM 
phosphate buffer, pH 6.4, 0. 13 M NaCl, 0. 1% of the detergent "TWEEN 20"). 
Anti-double stranded DNA antibody 27-14-D9 was added and allowed to react for 
30 minutes at 37°C, then excess antibody was removed by another seven washes in 
washing buffer. 

Double-stranded DNA-antibody complexes were detected by adding to the 
wells a solution containing a horseradish peroxidase-labeled goat-antimouse Ig 
antibody, incubating for 30 minutes and, after an additional five washes, adding a 
chromogenic solution (27 g/1 tetramethylbenzidine and 0.1 ml/1 hydrogen peroxide). 
After 30 minutes the chromogenic reaction was stopped with 0.2 ml of IN H 2 S0 4 , 
and the optical densities of the samples were read at 450 nm on an automatic 
microtiter spectrophotometer (ETI-System Fast Reader, Sorin Biomedica, Saluggia, 
Italy). 
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Five HCV-positive samples and five HCV-negative samples were analyzed by 
AIDA in two separate experiments, as shown in Table 1 . 



Table 1. Detection of HCV sequences by ADDA in serum samples 



sample 


OD 450 nm 

^J-m^ ■ w /till 


HCV+1 


0.466 


HCV+2 


0.421 


HCV-1 


0.136 


HCV- 2 


0.141 


HCV+4 


0.617 


HCV+6 


0.649 


HCV+ 10 


0.509 


HCV- A 


0.372 


HCV-B 


0.386 


HCV-C 


0.404 



These results demonstrate that viral sequences from HCV can be detected in 
serum sample using ADDA after enzymatic conversion of viral RNA into cDNA, 
without the need for amplification or enrichment of the viral sequences. 

EXAMPLE 3 

This example demonstrates the use of the ATDA method to detect HTV 
sequences in the serum of HIV-infected patients. 

Plasma from HIV-infected patients was collected in EDTA or in sodium 
citrate; heparinized plasma can also be used. RNA was isolated from the serum 
samples using a QIAamp VIRAL RNA kit by QIAGEN. The precipitate was 
redissolved in buffer AVL/carrier RNA by incubation at 80°C for not more than 5 
minutes. Prepared buffer AVL (560 ul) was added to a 1.5 ml centrifuge tube. 
Plasma (140 ul) was added to the tube and the mixture was vortexed and incubated 
at room temperature 10 minutes. The sample was mixed thoroughly with 560 ul of 
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ethanol. 

Carefully, 630 ul of the ethanol-sample mixture was applied to the QIAamp 
spin column and centrifuged at 6000 x g (8000 rpm) for 1 minute. The column was 
placed in a clean 2 ml collection tube, and the tube containing the filtrate was 
discarded. The spin column step was repeated, then the QIAamp spin column was 
carefully opened and 500 ul of buffer AW was added. The column was centrifuged 
for 1 minute and placed in a clean 2 ml collection tube. The tube containing the 
filtrate was discarded. Another 500 ul of buffer AW was added to the spin column, 
and the column was centrifuged at 14,000 rpm (20,000 x g) for 3 minutes. The spin 
column was placed in a clean 1.5 ml centrifuge tube, and the tube containing the 
filtrate was discarded. 

RNA was eluted from the column with 50 ul of preheated (80°C) RNase-free 
water incubated at 80 °C for 5 minutes in a heating block, and centrifuged at 9000 
rpm for 1 minute. The tube was rotated 180° in the centrifuge and spun again for 
another minute. 

cDNA was synthesized using the Superscript TM II RNase H-reverse 
transcriptase enzyme (Gibco BRL Cat. No. 18064-014). Two microliters of an anti- 
sense GAG specific primer (250 mg/ul) was added to 50 ul of RNA in Rnase free 
water. The anti-sense GAG specific primer had the following sequence: 
5'CTATGTGCCCTTCTTGCCACAAT-3' (SEQ ID NO: 19). This primer matches 
the sequence ofHTV- 1 B perfectly and has not more than 3 mismatches with the 
other subtypes and 5 mismatches with HTV subtype O. These mismatches should not 
influence the synthesis of the specific cDNAs, however, we have also verified that for 
this ADDA application it is possible to utilize random primers that eliminate the 
eventual problems linked to the presence of different subtypes and quasi species. 

The RNA and primer were incubated for 5 minutes at 70°C and for 10 
minutes at room temperature. After a brief centrifugation, 28.5 ul of the following 
mix was added to each sample: 16 ul of 5 X first strand buffer (provided with the 
enzyme), 8 ul of 0.1 M DTT (provided with the enzyme), 4 ul of 10 mM dNTP mix 
(10 mM each of dATP, dGTP, dCTP and dTTP at neutral pH, and 0.5 ul of 
Superscript reverse transcriptase (200 U/ul). The mixture was then incubated for 60 



18 



WO 99/28503 PCT/US98/24494 
minutes at 42 °C. 

Eight microliters of IN NaOH in and the 80 ul of first strand cDNA were 
added to a 0.5 ml centrifuge tube, incubated for 5 minutes at 100°C, placed on ice 
for 2 minutes, and centrifuged briefly. After centrifugation, the tube was placed on 
ice and 8 ul of IN HC1 and 13.9 ul of hybridization buffer (5 ul of 20X SSC, 4 jil of 
50X Denhard's solution, 4 ul of 0.5 M EDTA, pH 8, and 0.9 ul of 50X TE) were 
added five microliters of a gag-specific biotinylated sense probe (2 ng/ul diluted in 
IX TE buffer) was added, and the mixture was preheated at 70°C for 5 minutes. 
The sequence of the probe is 

5'biotGGGATTAAATAAAATAGTAAGAATGT ATAGCCCTACCAGCA-3 ' (SEQ 
ID NO:20). 

Following a 45 minute incubation at 60°C, the tube was place on ice and 
centrifuged briefly. The whole volume was dispensed into one streptavidin coated 
well and incubated overnight at 4°C. 

The well was washed 6 times with wash buffer ETI-2 using an ETI-SYSTEM 
washer or the equivalent. After a 30 minute incubation at 37°C, the well was washed 
again 6 times and 100 ul of anti-double-stranded DNA antibody diluted 1:20 in anti- 
double-stranded DNA diluent was added. The well was incubated for 30 minutes at 
37°C. The well was again washed 6 times, and 100 ul of chromogen/substrate (1:1) 
was added. After a 30 min incubation at room temperature in the dark, 200 ul of 
blocking reagent was added and the absorbance of specimen was immediately 
measured with a spectrophotometer at 450 nm. 

This method accurately detected HTV sequences in four infected patients with 
high viremia and did not detect HTV sequences in two non-infected blood donors. 

EXAMPLE 4 

This example demonstrates that the sensitivity of AID A can be further 
improved by adding mononucleotides and a nucleic acid polymerase capable of 
producing an extension product from the captured target DNA or cDNA/primer 
complex. This extension product creates new double-stranded DNA that, in turn, 
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provides new target epitopes for recognition by the anti-double-stranded DNA 
antibody. 

Different dilutions of HIV stock solution were transcribed in duplicate into 
cDNA as described above and hybridized with a biotinylated gag probe (SEQ ID 
NO:20). The two groups of hybridization mixtures were added to separate 
streptavidin-coated microtiter wells and incubated overnight at 4°C. 

After capture of hybrids, one plate was washed five times with 300 ul of 
washing buffer, and each well received 0.2 units of T4 polymerase and 80 uM of 
each of the four dNTPs. The other microtiter plate, which contained the same 
hybridization mixtures, was left untreated. The plates was incubated for 30 minutes 
at 37°C. Both plates were washed 5 times with washing buffer, and anti-double- 
stranded DNA antibody was added and allowed to react for 30 minutes at 37°C. 
Detection of bound anti-double-stranded DNA antibody was accomplished by adding 
to the wells a solution containing Protein A labeled with horseradish peroxidase for 
30 minutes at 37°C. After five washes, a chromogenic solution was added. The 
chromogenic reaction was stopped with 0.2 ml of IN H 2 S0 4 , and the optical densities 
were read at 450 nm using an automatic microtiter spectrophotometer. 

The results shown in Figure 2 clearly show that the addition of the 
polymerase elongation step after the hybrid capture increased the sensitivity of the 
assay by at least two log units. Figure 3 shows the results of an AIDA test on the 
sera of nine blood donors (D1-D9) and with the sera of 9 HTV positive patients. The 
AIDA test accurately detected HTV sequences in eight of the nine HTV positive 
patients. 



EXAMPI,F, S 

Using the method described below we analyzed panels of HTV viremic sera 
and compared the results with those obtained using reference methods of Roche and 
Chiron. 

RNA was extracted from HTV viremic sera obtained from the Mayo Clinic 
using a QIAamp VIRAL RNA kit by QIAGEN, as described in Example 3. cDNA 
synthesis, hybridization, and detection were carried out as described in Example 3, 
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except that after the first washings of the microwell, 100 ul of a solution containing 
50 mM Tri, pH 8.8, 15 mM (NH 4 ) 2 S0 4 , 7 mMMgCl* 01 mM EDTA, pH 8, 10 mM 
P-mercaptoethanol, 0.02 mg/ml BSA, pH 8.8, 80 uM NTPs, and 0.2 units of T4 
DNA Polymerase (Boehringer Mannheim code 1004794) were added to the well, 
incubated for 30 minutes at 37°C and washed 6 times before addition of the anti- 
double-stranded DNA antibody. 

The results are shown in Table 2 and demonstrate that, even using a relatively 
insensitive colorimetric detection method the AIDA method could easily detect the 
presence of 5000 virions in a sample. 
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EXAMPLE 6 

This example compares detection of HIV polynucleotide sequences in sera of 
HIV-infected patients using the AIDA method and T4 elongation step and using PCR 
in combination with the DEIA method (see Mantero et ah, Clin. Chem. 37, 422-29, 
1991). RNA was extracted from sera using a QIAmp viral RNA kit by Qiagen (cat 
No. 295904) and reverse transcribed into cDNA using Superscript II reverse 
transcriptase, as described above. 

Hybridization was carried out as follows. Eighty microliters of cDNA (total 
cDNA reaction) and 8 ul of IN NaOH were added to a 0.5 ml tube and mixed 
carefully by pipetting. The tube was incubated for 5 minutes at 100°C, chilled on ice 
for 5 minutes, then spun in a imnicentrifuge. A pre-mixed solution containing 8 ml of 
HC1 and 4 ml of 1M Tris, pH 7.5, was mixed carefully by pipetting. Sixteen 
microliters of hybridization buffer (6 ul of 20X SSC, 4.8 ul of 0.5MEDTA, pH 8.0, 
4.8 ul of 50XDenhardt's solution, 0.9 uL of 50X TE buffer) was added to each 
tube. Then, 5 ul (5 ng) of HCV specific 5' biotinylated probe (CORE-890), pre- 
warmed at 75 °C for 10 minutes, was added to each tube. The probe spans an HCV 
sequence in the region coding for the core protein. This probe sequence is conserved 
among HCV subtypes. The sequence of the probe is: 

5' GGT CAG ATC GTT GGT GGA GTT TAC TTG TTG CCG CGC AGG G 3' 
(SEQIDNO:21). 

The mixture was incubated at 50°C for one hour, chilled on ice for 5 minutes, 
and spun. Reactions (120 ul) were dispensed into the microwells of a streptavidin- 
coated microliter plate (GEN-ETI-K DEIA), which was prechilled on an ice bed. 
The plate was covered with a cardboard sealer and incubated overnight at 4°C. The 
wells were washed 6 times with wash buffer ETI-2 using an ETI-System washer or 
the equivalent, and DNA was elongated using T4 polymerase, as described in 
Example 3. Double-stranded DNA was detected using anti-double-stranded DNA 
antibody, as described above. 

Using the above described method we first tested sera from 7 HCV positive 
patients and of two blood donors. Sera were tested using AIDA and using PCR and 
DEIA as a reference method. 
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Table 3 shows that there was a complete concordance between the data 
obtaining using PCR and using AID A. 

TABLE 3. Detection of HTV sequences in sera of HIV-infected patients. 



5 


Sample 


PCR 


DEIA 


AIDA 




(gel) 


(OD) 


(OD) 




1 




1.145 


2.380 




2 




0.897 


2.593 


10 


3 




0.611 


1.337 




4 


+ 


>3.000 


2.610 




5 


+ 


2.470 


1.819 




6 


+ 


>3.000 


2.308 




7 


+ 


>3.000 


>3.000 


15 


8* 




0.054 


0.063 


9* 




0.047 


0.062 



♦healthy blood donors 

In order to compare the sensitivity of AIDA with PCR, we tested different 
dilutions of cDNA obtained from the serum of an HCV positive patient with each of 
20 the two methods. Table 4 shows that the sensitivity of AIDA is comparable to the 

sensitivity of PCR. 
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TABLE 4. Dilution Test: Comparison of PCR/DEIA and AIDA 



10 



15 



HCV positive 
serum pool 

Dilution 



PCR 
gel 



+ 
+/- 



20 



1:10 

1:20 

1:40 

1:80 

1:160 

1:320 

1:640 

positive serum (diluent) 
positive 

control + 
(HCV + pool) 

healthy blood donor 

•values in optical densities, 450 nm 



PCR 
+DEIA* 



2.868 
0.989 
0.430 
0.089 
0.066 
0.081 
0.062 
0.107 
0.052 
0.069 



AIDA* 



>3.000 



0.069 



>3.000 
2.258 
1.390 
0.760 
0.207 
0.154 
0.115 
0.138 
0.134 
0.190 



>2.846 



0.169 
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EXAMPLE 7 

This example demonstrates detection of HIV sequences in serum samples 
using AIDA. 

The detection of HTV sequences in serum samples by AIDA involved exactly 
the same procedures as for HCV, except for the use of a different specific 
biotinylated probe (JA-Pol). This probe has the nucleotide sequence shown in SEQ 
ID NO. 18. Four HIV-positive samples and one HTV-negative sample were analyzed 
by AIDA, as shown in Table 5. 
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Table 5. Detection of HIV sequences by AIDA in serum samples 



sample OD 450 nm 



HIV+ FRRI 0.624 

MOCO 1.008 

EMBO 0.618 

RIVE 0.230 

HIV- DS 0.173 



These results demonstrate that viral sequences from HTV can be detected in 
serum samples by AIDA after enzymatic conversion of viral RNA into cDNA, 
without the need for amplification or enrichment of the HTV sequences. 

EXAMPT.F, 8 

This example demonstrates the detection of human genomic sequences 
encoding the chemokine receptor CC-CKR5. 

For this assay, genomic DNA was extracted from whole blood, and the DNA 
sample was processed for hybridization with the same procedures described above 
for cDNA hybridization, except for the use of the specific biotinylated probe, F12, 
having the nucleotide sequence shown in SEQ ID NO: 17. 

Extraction of genomic DNA from whole blood. Two hundred microliters of 
whole blood was diluted to 1 ml with buffer A (20 mM Tris HC1, pH 8.00, 5 mM 
EDTA), then centrifuged at 4000 x g for 15 minutes at 4°C. The supernatant was 
decanted, and the pellet was washed twice in buffer A, resuspended in 1 ml of the 
same buffer containing 0.4% SDS and 100 //g/ml proteinase K, and digested 
overnight at 37°C. At the end of the incubation, one-third volume of 5 M NaCl was 
added, mixed by inversion, and centrifuged at 3500 x g at 4°C for 15 minutes. One 
volume of cold absolute ethanol was added to the supernatant and mixed by 
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inversion. The DNA precipitate was captured on the tip of a flamed Pasteur pipette. 
The DNA was resuspended to a final volume of 1 ml in 10 mM Tris HC1, pH 8.00, 1 
mM EDTA buffer (TE buffer). 

Serial two-fold dilutions of DNA were evaluated by ADOA for detecting 
5 CC-CKR5 sequences, as shown in Table 6. 

Table 6. Detection of CC-CKR5 sequences by ATDA 
in human genomic DNA samples 



10 



15 



DNA, //g 


OD 450 nm 


2.5 


2.093 


1.25 


1.885 


0.6 


1.216 


0.3 


0.816 


0.15 


0.700 


0 


0.232 



20 These results demonstrated that AIDA can detect a specific genomic DNA 

sequence embedded in a complex DNA mixture in a specific and sensitive manner, 
without any amplification or enrichment of the specific sequence itself. 

This example demonstrates detection of hepatitis C virus (HCV) in serum 

25 samples using the LEDIA method. 

As HCV is a positive-strand RNA virus, its RNA genome must be 
preliminarily extracted from a biological sample such as serum and converted into 
DNA before any process involving a DNA-dependent DNA polymerase can be 
performed. Thus, linear enrichment of the HCV genome for detection involves the 

30 following steps: (a) extraction of total RNA from serum, (b) conversion of RNA into 

first strand cDNA by the enzyme reverse transcriptase, (c) specific linear enrichment 
of cDNA sequences derived from the target RNA, and (d) detection of the enriched 
single-stranded HCV sequence. 



27 



WO 99/28503 PCT/US98/24494 

* 

(a) Extraction of total UNA from serum. The extraction of HCV RNA 
genome from 100 (A of serum was carried out using the Tripure Isolation Reagent 
(Boehringer Mannheim, Mannheim, Germany) according to the manufacturer's 
instructions. The final pellet containing RNA was resuspended in 30/A of 

5 diethyl-pyrocarbonate-treated H 2 0 (SIGMA Chemicals, St. Louis, MO). 

(b) Conversion of RNA into first strand cDNA by the enzyme reverse 
transcriptase. First strand cDNA synthesis was performed using the reverse 
transcriptase enzyme Superscript II (Life Technology) using random examers (Life 
Technology) as cDNA primers, as described in Example 1, above. 

10 (c) Specific linear enrichment of cDNA sequences derived from the target 

RNA. A reaction mixture of 100 iA was prepared, containing 200 (jM dATP, 200 
fM dCTP, 200 (jM dGTP, 200 /uM dTTP, MgCl 2 2 mM, 16 mMNH 4 (S0 4 ) 2 , 67 mM 
Tris CI, pH 8.8, 100 pmoles of a single HCV primer (either HCV A, B, G or 2CH, ), 
50 units/m of AmpliTaq (Perkin Elmer-Cetus, Norwalk, CT). To this mixture was 

15 added 1 (A of cDNA derived either from HCV positive patients or healthy blood 

donors negative for any HCV marker. This mixture was subjected to 35 cycles, each 
composed of three steps: denaturation at 94°C for one minute, annealing at 50°C for 
one minute, and primer elongation at 72°C for one minute. The cycling reaction was 
performed using a DNA Thermal Cycler (Perkin Elmer-Cetus, Norwalk, CT). 

20 (d) Detection of the enriched single-stranded HCV sequence. The 

single-stranded enriched sequence was detected using a specific biotinylated probe 
and an anti-double stranded DNA antibody which is able to discriminate 
single-stranded from double-stranded DNA, e.g. target DNA hybridized or 
unhybridized with probe. The double-stranded DNA hybrids were visualized by 

25 generating a colorimetric signal. 

One fourth of the enrichment reaction was denatured at 100°C for 5 min, then 
added to streptavidin-coated microliter wells sensitized with 5 ng of biotinylated 
a-3CH probe (SEQ ID NO:7) and hybridized at 55°C for one hour. The 
immunochemical reaction was carried out as described in Example 1, above. 

30 Eleven HCV-positive and four HCV-negative serum samples were analyzed 

by both LEDIA and PCR. The PCR reaction for detecting HCV was carried out as 
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follows. A reaction mixture was prepared in 100 (A containing dATP, 200 fiM 
dCTP, 200 fjM dGTP, 200 (jM dTTP, 2 mM MgCl* 16 mM NH^SO,)* 67 mM Tris 
CI , pH 8.8, 50 pmoles of each primer 1CH (SEQ ID NO: 14) and 2CH (SEQ ID 
NO:4), 50 units/ml of AmpliTaq (Perkin Elmer-Cetus, Norwalk, CT). To this 
5 mixture was added 1 (A of cDNA derived either from HCV positive patients or 

healthy blood donors, negative for any HCV marker. The PCR reaction was carried 
out for 45 cycles, each composed of three steps: a denaturation step at 94°C for 1 
minute, an annealing step at 50°C for 1 minute, and an elongation step at 72°C for 1 
minute. At the end of the reaction, an aliquot of 25 iA was analyzed using agarose 
10 gel electrophoresis. A band of amplified DNA measuring 299 base pairs was 

detected. 

Table 7 compares the results of the LEDIA method with the PCR assay. 
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Table 7 - Comparison of LEDIA and PGR for HCV detection in serum samples 

Serum Sample LEDIA (OD 450 nm)* pcr 
Code 

33 > 3 + 

34 0.107 



35 



CR 
BL 



* cut off: 0.2 OD 



>3 



36 > 3 

37 > 3 

38 0.983 

39 0.069 
BS > 3 

fi C 1.195 

BR U73 

cs 0.104 

CC > 3 



2.441 
0.051 



BS+ > 3 



+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 



This example demonstrates that the two methods, LEDIA and PCR, give 
equivalent results. Thus, linear enrichment of DNA and detection of single-stranded 
DNA using LEDIA yields the same performance as an exquisitely sensitive method 
such as PCR, using a single primer and a lower cycle number. 



EXAMPT,V. in 

This example demonstrates the detection of hepatitis G viral sequences using 
the LEDIA method. 

For PCR analysis, a 100 /A reaction mixture was prepared containing dATP, 
200 fM. dCTP, 200 /jM dGTP, 200 fuM dTTP, MgCl 2 2mH16mM NH^SO^, 67 
mM Tris HC1, pH 8 .8, 50 pmoles of each primer AC1-S (SEQ ID NO: 12) and 
AC3-AS (SEQ ID NO: 16), 50 units/ml of AmpliTaq (Perkin Elmer-Cetus, Norwalk, 
CT). To this mixture, 1 fj.1 of cDNA derived either from HGV-2 positive patients or 
HGV-2 negative healthy blood donors was added, and the PCR reaction was carried 
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out for 45 cycles each composed of a denaturation step (94°C for 1 minute), an 
annealing step (52°C for 1 minute), and an elongation step (72°C for 1 minute). At 
the end of the reaction, an aliquot of 25 was subjected to agarose-gel 
electrophoresis. The PCR product was detected as an amplified DNA band of 422 
base pairs. 

One serum sample which was positive for hepatitis G sequences using PCR 
and one serum sample which was negative for hepatitis G sequences using PCR were 
analyzed using the LEDIA method, as described in Example 9, above, using 40 cycles 
of enrichment. The positive sample had an OD reading of >3, and the negative 
sample had an OD reading of 0.065. 

Thus, LEDIA is capable of distinguishing hepatitis G-positive and hepatitis G- 

negative serum samples. 
TT.Y 4MPLE 11 

This example demonstrates detection of hepatitis B sequences in serum 

samples using LEDIA. 

Hepatitis B DNA was extracted from 1 ml serum samples as follows. One 
milliliter of serum was digested for one hour at 56°C with 1 mg/ml proteinase K , in a 
total volume of 2 ml containing 0.01 M Tris CI, P H 7.5, 0.01 M EDTA, 150 mM 
NaCl and 0 5 % sodium-dodecyl-sulfate (SDS). The sample was then extracted 
using one volume of a 1:1 solution of phenol-chloroform (BDH Laboratory Supplies, 
Poole, Dorset, UK), and the supernatant was precipitated by adding two volumes of 
cold ethanol and one-tenth volume of3M sodium acetate, P H 5.2. The pellet was 
washed twice with 75% cold ethanol, air-dried, and resuspended in 100 /jl of H 2 0. 

The linear enrichment reaction was carried out as described in Example 4, 
above, using 40 cycles of enrichment. A serum sample containing a known amount 
of viral genomes (10 7 genomes/ml) was used as a positive control. 

The single-stranded enriched hepatitis B sequence was detected using an 
antibody specific for double-stranded DNA, as described above. 



31 



99/28503 PCT/US98/24494 

EXAMPLE IZ 

This example demonstrates optimization of the linear enrichment reaction. 

It is known that by extending the number of cycles, an exponential 
amplification of a target DNA may occur even if a single primer sequence is used. 
The degree and the cycle number at which this phenomenon starts can vary with 
different primers. It is believed that this behavior depends on enrichment of 
single-stranded DNA up to an amount such that the primer can weakly cross-react 
with enriched DNA in an a specific way and trigger the synthesis of a two-stranded 
template bearing the same primer site at both ends. This template causes a 
single-primer exponential amplification to occur. 

Optimization of cycle number. The course of single-stranded enrichment vs 
double-stranded DNA exponential amplification was studied at different numbers of 
cycles. In order to determine the starting point of double-stranded DNA formation, 
60 reaction cycles were carried out, and the DNA product was analyzed after every 
two cycles from cycle 30 to cycle 60. Double-stranded DNA formation was detected 
by hybridization of the reaction product with a biotinylated probe (3CH for hepatitis 
C, SEQ ID NO:6, and a-CD3 for hepatitis B, SEQ ID NO: 1 1) complementary to the 
antisense or negative sequence in the case of HCV. The polynucleotide sequence 
shown in SEQ ID NO: 15 was used as a positive control for a-3CH hybridization. 
The procedure employed for this purpose was the same as that described for 
single-strand enrichment detection, above. 

In several replicate experiments, hepatitis C sequences were detected as 
single-stranded DNA starting from cycle 30, employing lfA of a cDNA sample; from 
cycle 40 thereafter, exponential amplification occurred (Table 8). 
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Table 8 - LEDIA for HCV*. Coarse of linear enrichment vs exponential 
amplification (HCVB primer). 



Cycle number 
primer HCVB 
(SEQ ID NO:2) 


single strand signal 0 
probe 3CH 
(SEQ ID NO:6) 


second strand signal 
probe 0-3 CH 
(SEQ ID NO:7) 


30 


0.043 


0.023 


32 


A ACT 

0.087 




34 


0.219 


0.024 


36 


0.516 


0.050 


38 


1.842 


0.140 


40 


>3 


1.805 


42 


>3 


>3 


44 


>3 


>3 


46 


>3 


>3 


48 


>3 


>3 


50 


>3 


>3 



* 2000 HCV genomes/reaction 
20 ° OD 450 nm, average of two replicates 



Similar results were obtained in the case of hepatitis B (Table 9). 
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Table 9 - LEDIA for HBV. Course of linear enrichment vs exponential 

amplification (C2 primer, SEQ ID NO:8) with serial dilutions of 
target DNA. 



Cycles HBV copy single strand second strand 

number number signal* signal* 

probe CD3 probe cc-CD3 

(SEQ ID NO: 10) (SEQ ID NO: 11) 



40 BxTb 1 2^65 0.092 

1 5x1 0 4 2.609 0.051 

1 5X10 3 0.592 0.087 

1 5xl0 2 0.364 0.074 



45 



50 



55 



60 



1.5x10 s 
1.5x10* 
1.5xl0 3 
1.5xl0 2 

1.5x10 s 
1.5x10* 
1.5xl0 3 
1.5xl0 2 

1.5x10 s 
1.5x10* 
1.5xl0 3 
1.5xl0 2 

1.5x10 s 
1.5x10* 
1.5xl0 3 
1.5xl0 2 



2.119 
>3 
1.874 
0.351 

>3 
>3 
>3 
1.050 

2.508 
1.706 
>3 
0.058 

2.304 
1.811 
1.763 
2.548 



0.364 
0.298 
0.254 
0.190 

0.771 
0.748 
0.715 
0.708 

0.740 
1.118 
1.104 
1.149 

1.460 
1.478 
1.484 
1.177 



Thus we fixed at 38 cycles (HCV) and 40 cycles (HBV) the optimal cycle 
number to obtain single-stranded DNA enrichment sufficient for single-stranded 
DNA analyte detection, at the same time avoiding exponential amplification which 
would overwhelm the linear reaction. 

As it is shown in Tables 8 and 9, from cycle 50 to cycle 60, the signal began 
to decrease in some experiments and at some dilutions. 
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15 



25 



Table 10 - LEDIA for HCV* at different cycles number 
(primer HCVB, SEQ ID NO:2). 

No. cycles OD450nm 

probe 3CH 
(SEQ ID NO.6) 



35 
50 
55 

10 60 



0.057 
>3 
1.842 
0.199 



* 2xl0 3 HCV genomes/reaction 

It is reasonable to assume that, as the contribution of double-stranded DNA 
to the final product becomes higher, a significant portion of single-stranded DNA 
(synthesized up to cycles around 40) is converted into double-stranded DNA 
Therefore, even if the total amount of target DNA synthesized de novo becomes 
higher after exponential amplification takes place, in comparison to the condition in 
which only single-stranded DNA is produced, less DNA is actually amenable to 
hybridization. This data confirms that, in order to gain a better analytical 
20 performance, the linear enrichment of a target molecules is more suitable than its 

exponential amplificatioa 

Primer sequence and concentration. Five different HCV primers (SEQ ID 
NOS: 1-5) and one HBV primer (SEQ ID NO:8) were employed, each at different 
final concentration and at different temperatures. The relative contribution of each 
primer and of each primer concentration to the enrichment of single-stranded DNA 

analyte was studied. 

Examples of the results observed with different primers, different primer 
concentrations and different temperatures are reported in Tables 1 1 and 12. 
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Table 11 - LEDIA for HCV*. Performances of different HCV 
primers at different concentrations 

Primer 



Pl T e / ^ orw HCVA HCVB HCVC 

pmoles/reaction JCH^ HCVA ^ HCV^ 



10 



pos 0.036 
neg 0.035 



0.042 
0.032 



>3 
0.113 



0.045 
0.043 



25 



pos 0.044 
neg 0.033 



1.370 
0.038 



2.868 
0.080 



0.047 
0.044 



50 



pos 0.035 
neg 0.036 



2.477 
0.035 



>3 
0.097 



0.641 
0.103 



100 



pos 0.305 
neg 0.030 



1.637 
0.031 



>3 
0.081 



0.476 
0.039 



* Experimental conditions: 
40 LEDIA cycles, 
annealing temp. 50°C 
2xl0 3 HCV genomes/reaction 
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Table 12 - LEDIA for HCV detection in serum 
Effect of temperature of annealing 



No. of cycles 

5 

Temperature 45°C 50°C 55°C 
of annealing 

Positive 34 0.409 0.538 0.174 

sample (OD) 36 2.570 >3 1.833 



10 Negative 34 0.470 0.076 0.147 

sample (OD) 36 0.284 0.036 0.366 



From these data one can see that temperature of annealing, as expected, is an 
important parameter. However, parameters other than affinity for the target 

15 sequence, which drive the efficiency and specificity of polymerization, can be 

important in LEDIA. Generally, different primers perform in a dramatically different 
manner, and the optimal concentration may be very different among primers. 
Moreover, primers which perform well in PCR, such as those shown in SEQ ID 
NOS: 14 and 5) can behave poorly in LEDIA, even in different combinations. 

20 Similarly, primers well-suited for LEDIA can perform poorly or not at all in PCR, 

such as the primers HCVA (SEQ ID NO: 1) and HCVB (SEQ ID NO:2). 

Primer selection and titration thus are critical steps for obtaining optimal 
performance using LEDIA. Also, the efficiency of LEDIA seems to be inversely 
proportional to the tendency to exponential amplification, of which primers are a 

25 critical component. As a whole, these data strongly suggest that parameters and 

thermodynamic constraints underlying the reaction are unique to LEDIA and are 
important features of the invention. 
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Sensitivity of the assay. Titration curves were performed on cDNA 
synthesized from serial two-fold dilutions of an HCV serum sample containing a 
known amount of HCV genome (500,000 genomes/ml) (one (A of cDNA 
corresponds to 1/20 of cDNA synthesized from 1/3 of 100 fA of serum). One 
microliter of cDNA derived from each dilution was processed by LEDIA. The last 
detectable dilution (10 target HCV sequences) gave an OD reading of 0.5, compared 
to a background signal of less than 0. 1 OD. 

TABLE 13 - Sensitivity of HCV LEDIA (HCVB primer, SEQ ID NO:2)* 



15 



20 



10 HCV genome OD 450 nm 

copy number 



2000 


>3 


1000 


>3 


500 


>3 


250 


>3 


125 


>3 


60 


>3 


30 


>3 


15 


2.295 


10 


0.549 


5 


0.091 


0 


0.057 



25 * 38 cycles, annealing 50°C 

Specificity of the assay. To ascertain the specificity of LEDIA, several 
samples containing heterologous DNA, other than HCV-negative serum samples, 
were employed, including cDNA from HCV negative subjects infected with HGV, 
HBV or HTV; human genomic DNA, plasmids bearing human or HGV, HBV, HTV 
30 sequences. All these heterologous DNAs gave optical densities which were 

indistinguishable from background when processed by LEDIA. This data confirmed 
the specificity of the assay. 
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Use of different thermal cyclers. Different thermal cyclers may be based on 
different techniques for rapid temperature changes. We compared results obtained 
using a Perkin Elmer-Cetus DNA Thermal Cycler, in which rapid cooling is obtained 
by a refrigerator, with a RapidCycler from Idaho Technology, which is based on air 

5 convection to change temperatures, with excursion time shorter than Perkin Elmer 

Thermal Cycler. Both instruments gave closely similar results (see Table 10) and can 
be suitably used for LEDIA. 

Use of different DNA polymerase enzymes. HCV cDNA was tested by 
LEDIA using three thermostable DNA polymerase preparations (AmpliTAq and 

10 GoldTaq Polymerase from Perkin Elmer-Cetus, and Pwo DNA polymerase from 

Boehringer Mannheim, Mannheim, Germany). The results are shown in Table 14 and 
demonstrate that different polymerases give similar performances using the LEDIA 
method. 



15 



20 



25 



Table 14 - LEDIA performed using different DNA polymerases and different 
thermal cyclers* 



DNA polymerase 


OD 450 nm 




OD 450 nm 


(5 U/reaction) 


(HCV pos sample) 


(HCV neg sample) 


Thermal Cycler 


PE 


ID 


PE ID 


AmpliTaq 

GoldTaq 

Pwo 


>3 
>3 
>3 


>3 
>3 
>3 


0.068 0.057 
0.037 0.074 
0.025 0.029 



Experimental conditions: 
lxlO 3 HCV genome copies 
HCVB primer (SEQ ID NO:2), 100 pmoles/reaction 
annealing 1 min 50 °C 
38 reaction cycles 



30 
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CLAIMS 

1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) a single-stranded polynucleotide analyte and 
(b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 
indicates the presence of the single-stranded polynucleotide analyte in the biological 
sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hyridization with the 
single-stranded polynucleotide analyte. 

3 . The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hyridization with the single- 
stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 
analyte is DNA. 

5 . The method of claim 1 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 20- 
100 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is less 
than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is less 
than 50 nucleotides in length. 
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10. The method of claim 5 wherein one or more of the DNA probes is less 
than 100 nucleotides in length. 

1 1 . The method of claim 4 wherein the first portion of the polynucleotide 
molecule is double-stranded DNA. 

12. The method of claim 1 wherein the solid support is a particle. 

1 3 . The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA 

14. The method of claim 4 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

1 5 . The method of claim 1 1 wherein the first portion of the polynucleotide 
molecule is detected using a reagent which specifically binds to double-stranded 
DNA. 

16. The method of claim 1 5 wherein the reagent is a protein. 

17. The method of claim 16 wherein the protein is a first antibody. 

18. The method of claim 17 wherein the first antibody comprises a 
detectable label. 

19. The method of claim 17 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

20. The method of claim 17 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

2 1 . The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

22. The method of claim 21 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

23 . The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 

24. The method of claim 23 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ul. 
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25. The method of claim 17 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

26. The method of claim 25 wherein the animal is an MRL/lpr mouse. 
5 27. The method of claim 1 wherein the single-stranded polynucleotide 

probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically bind 
to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

10 biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

15 31. The method of claim 27 wherein the second binding moiety is an 

antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33. The method of claim 1 wherein the single-stranded polynucleotide 

20 probe is a DNA probe which is complementary to all or a portion of a polynucleotide 

sequence of a hepatitis C virus. 

34. The method of claim 33 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 

25 probe is a DNA probe which is complementary to all or a portion of a polynucleotide 

sequence of a hepatitis B virus. 

36. The method of claim 35 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 

30 probe is a DNA probe which is complementary to all or a portion of a polynucleotide 

sequence of a hepatitis G virus. 
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3 8 . The method of claim 3 7 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

41. The method of claim 1 wherein two or more distinct DNA probes are 
bound to the solid support. 

42. The method of 42 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence of an HTV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43 The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule comprises 
a second portion which is single-stranded. 

45. The method of claim 44 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is a 
T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 



43 



WO 99/28503 PCT/US98/24494 

49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

50. The method of claim 49 wherein the antibody comprises a detectable 

label. 

5 1 . The method of claim 4, further comprising the step of: 
synthesizing additional copies of the single-stranded DNA analyte 

prior to hybridizing the single-stranded DNA analyte with the one or more single- 
stranded DNA probes. 

52. The method of claim 5 1 wherein additional copies of the complement 
of the single-stranded DNA analyte are not synthesized. 

53 . The method of claim 5 1 wherein the step of synthesizing employs one 
single-stranded DNA primer. 

54. The method of claim 5 1 wherein the step of synthesizing proceeds by 
linear kinetics. 

55. The method of claim 51 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l, 2,3, 4, 5,8, 10, and 12. 

56. The method of claim 5 1 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

57. The method of claim 5 1 wherein the step of synthesizing uses a 
thermostable polymerase. 

58. The method of claim 57 wherein the step of synthesizing uses fewer 
than 45 polymerization cycles. 

59. The method of claim 58 wherein the step of synthesizing uses fewer 
than 30 polymerization cycles. 

60. The method of claim 5 1 wherein two or more distinct single-stranded 
DNA probes are bound to the solid support. 

6 1 . The method of claim 60 wherein the step of synthesizing employs two 
or more distinct single-stranded DNA primers which are complementary to two or 
more distinct single-stranded DNA analytes. 
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62. The method of claim 5 1 wherein the solid support comprises a first 
DNA probe which is complementary to a portion of a polynucleotide sequence of an 
HTV virus, a second DNA probe which is complementary to a portion of a 
polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

63 . The method of 62 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

64. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; 

a solid support which comprises a second binding moiety, wherein the 
first and second binding moieties specifically bind to each other; and 

a monoclonal antibody which is capable of detecting double-stranded 

DNA. 

65. The kit of claim 64 further comprising written instructions for a 
method comprising the step of: 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) a single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

66. The kit of claim 64 further comprising written instructions for a 
method comprising the steps of: 

synthesizing additional copies of a single-stranded DNA analyte prior 
to hybridizing the single-stranded DNA analyte with one or more single-stranded 
DNA probes; and 
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detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) the single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

67. The kit of claim 64 wherein the solid support is a particle. 

68. The kit of claim 64 which comprises two or more distinct DNA 

probes. 

69. The kit of claim 66 further comprising a thermostable DNA 
polymerase. 

70. The kit of claim 66 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

71. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

a solid support which comprises a single-stranded DNA probe; and 
a monoclonal antibody which is capable of detecting double-stranded 

DNA. 

72. The kit of claim 71 further comprising written instructions for a 
method comprising the step of: 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) a single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

73 . The kit of claim 71 further comprising written instructions for a 
method comprising the steps of: 
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synthesizing additional copies of a single-stranded DNA analyte prior 
to hybridizing the single-stranded DNA analyte with one or more single-stranded 
DNA probes; and 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) the single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

74. The kit of claim 71 wherein the solid support is a particle. 

75. The kit of claim 71 wherein the solid support comprises two or more 
distinct DNA probes. 

76. The kit of claim 73 further comprising a thermostable DNA 
polymerase. 

77. The kit of claim 73 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

78. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS: 1, 2, 
3, 5, 8, 10, and 12. 

79. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
polynucleotide analyte in the biological sample. 
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AMENDED CLAIMS 

[received by the International Bureau on 17 May 1999 (17.05.99); 
original claims 1-79 replaced by new claims 1-119 (11 pages)] 

1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

synthesizing additional copies of the single-stranded polynucleotide 
analyte, wherein additional copies of the complement of the single-stranded 
polynucleotide analyte are not synthesized; and 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 
indicates the presence of the single-stranded polynucleotide analyte in the biological 
sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hybridization with the 
single-stranded polynucleotide analyte. 

3. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hybridization with the 
single-stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 

analyte is DNA. 

5. The method of claim 1 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein at least one of the one or more DNA 
[probe] probes is selected from the group consisting of the nucleotide sequences 
shown in SEQ ID NOS:6, 7, 9, 1 1, 13, and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 
20-100 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

10. The method of claim 5 wherein one or more of the DNA probes is 

less than 100 nucleotides in length. 

1 1 . The method of claim 5 wherein the first portion of the polynucleotide 
molecule is double-stranded DNA. 

12. The method of claim 1 wherein the solid support is a particle. 

1 3 . The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

14. The method of claim 4 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

15. The method of claim 1 1 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

1 6. The method of claim 1 5 wherein the reagent is a protein. 

17. The method of claim 1 6 wherein the protein is a first antibody. 

1 8. The method of claim 1 7 wherein the first antibody comprises a 
detectable label. 

1 9. The method of claim 1 7 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

20. The method of claim 1 7 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

2 1 . The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

22. The method of claim 2 1 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

23 . The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ jil. 
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24. The method of claim 23 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ul. 

25. The method of claim 1 7 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

26. The method of claim 25 wherein the animal is an MRL/lpr mouse. 

27. The method of claim 1 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

31. The method of claim 27 wherein the second binding moiety is an 
antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

34. The method of claim 33 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

36. The method of claim 35 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 

50 



AMENDED SHEET (ARTICLE 19) 



WO 99/28503 

PCT/US98/24494 

probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

38. The method of claim 37 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

41 . The method of claim 1 wherein two or more distinct DNA probes are 
bound to the solid support. 

42. The method of 41 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence of an HIV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43. The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:l 8, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

45. The method of claim 44 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is 
a T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
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portions of the polynucleotide molecule are double-stranded DNA. 

49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

50. The method of claim 49 wherein the antibody comprises a detectable 

label. 

51. The method of claim 1 wherein the step of synthesizing employs one 

single-stranded DNA primer. 

52. The method of claim 1 wherein the step of synthesizing proceeds by 

linear kinetics. 

53 . The method of claim 1 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l,2, 3,4,5, 8, 10, and 12. 

54. The method of claim 1 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

55. The method of claim 1 wherein the step of synthesizing uses a 

thermostable polymerase. 

56. The method of claim 55 wherein the step of synthesizing uses fewer 

than 45 polymerization cycles. 

57. The method of claim 56 wherein the step of synthesizing uses fewer 

than 30 polymerization cycles. 

58. The method of claim 1 wherein two or more distinct single-stranded 
DNA probes are bound to the solid support. 

59. The method of claim 58 wherein the step of synthesizing employs 
two or more distinct single-stranded DNA primers which are complementary to two 
or more distinct single-stranded DNA analytes. 

60. The method of claim 1 wherein the solid support comprises a first 
DNA probe which is complementary to a portion of a polynucleotide sequence of an 
HIV virus, a second DNA probe which is complementary to a portion of a 
polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
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complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

61 . The method of 60 wherein the first DN A probe comprises the 
nucleotide sequence shown in SEQ ID NO:18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

62. A kit for detecting a single-stranded DNA analyte in a biological 

sample, comprising: 

at least one single-stranded DNA probe which comprises a first 

binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the steps of: 

synthesizing additional copies of the single-stranded DNA 
analyte prior to hybridizing the single-stranded DNA analyte with the at least one 
single-stranded DNA probe, wherein additional copies of the complement of the 
single-stranded polynucleotide analyte are not synthesized; and 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) at least one of 
the single-stranded DNA probes which is specifically hybridized to the single- 
stranded DNA analyte to form one or more first portions of the DNA molecule 
which are double-stranded, wherein the at least one single-stranded DNA probe is 
bound to the solid support, wherein detection of the first portion of the DNA 
molecule on the solid support indicates the presence of the single-stranded DNA 
analyte in the biological sample. 

63 . The kit of claim 62 wherein the solid support is a particle. 

64. The kit of claim 62 which comprises two or more distinct DNA 

probes. 

65. The kit of claim 62 further comprising a thermostable DNA 
polymerase. 
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66. The kit of claim 62 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

67. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS:l, 2, 

5 3,5,8, 10, and 12. 

68. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
1 0 polynucleotide analyte in the biological sample. 

69. A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 

15 and (b) one or more single-stranded polynucleotide probes hybridized to the single- 

stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support after 
hybridization with the single-stranded polynucleotide analyte, wherein detection of 

20 the first portion of the polynucleotide molecule on the solid support indicates the 

presence of the single-stranded polynucleotide analyte in the biological sample. 

70. The method of claim 69 wherein the single-stranded polynucleotide 
analyte is DNA. 

71 . The method of claim 69 wherein the one or more single-stranded 
25 polynucleotide probes are DNA probes. 

72. The method of claim 7 1 wherein at least one of the one or more DNA 
probes is selected from the group consisting of the nucleotide sequences shown in 
SEQ ID NOS:6, 7, 9, 1 1, 13, and 18. 

73 . The method of claim 7 1 wherein one or more of the DNA probes is 
30 20-100 nucleotides in length. 

74. The method of claim 71 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

75. The method of claim 71 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

76. The method of claim 71 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

77. The method of claim 69 wherein the first portion of the 
polynucleotide molecule is double-stranded DNA. 

78. The method of claim 69 wherein the solid support is a particle. 

79. The method of claim 71 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

80. The method of claim 69 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

8 1 . The method of claim 69 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

82. The method of claim 8 1 wherein the reagent is a protein. 

83 . The method of claim 82 wherein the protein is a first antibody. 

84. The method of claim 83 wherein the first antibody comprises a 
detectable label. 

85. The method of claim 83 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

86. The method of claim 69 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

87. The method of claim 86 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

88 . The method of claim 87 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

89. The method of claim 88 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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90. The method of claim 89 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0. 1 fg/ul 

9 1 . The method of claim 83 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

92. The method of claim 91 wherein the animal is an MRL/lpr mouse. 

93 . The method of claim 69 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

94. The method of claim 93 wherein the first or second binding moiety is 

biotin. 

95. The method of claim 93 wherein the first or second binding moiety is 

avidin. 

96. The method of claim 93 wherein the first or second binding moiety is 
streptavidin. 

97. The method of claim 93 wherein the second binding moiety is an 
antibody. 

98. The method of claim 69 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

99. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

1 00. The method of claim 99 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

101. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

1 02. The method of claim 1 0 1 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

103. The method of claim 69 wherein the single-stranded polynucleotide 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

1 04 . The method of claim 1 03 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

1 05 . The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

1 06. The method of claim 1 05 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

1 07. The method of claim 69 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

108. The method of claim 69 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

109. The method of claim 69 further comprising the step of coupling 
additional double-stranded DNA to the polynucleotide molecule. 

110. The method of 1 09 wherein a dendrimer is coupled to the 
polynucleotide molecule. 

111. The method of claim 1 08 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

112. The method of claim 1 1 1 wherein the non-thermostable polymerase is 
a T4 polymerase. 

113. The method of claim 1 08 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 

114. The method of claim 1 08 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

115. The method of claim 1 1 4 wherein the antibody comprises a 
detectable label. 

116. The method of claim 69 wherein two or more distinct single-stranded 
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1 

DNA probes are used. 

117. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the step of: 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) one or more 
single-stranded DNA probes which specifically hybridize to the single-stranded 
DNA analyte to form one or more first portions of the DNA molecule which are 
double-stranded, wherein at least one of the single-stranded DNA probes is bound to 
the solid support after hybridization with the single-stranded polynucleotide analyte, 
wherein detection of the first portion of the DNA molecule on the solid support 
indicates the presence of the single-stranded DNA analyte in the biological sample. 

118. The kit of claim 1 1 7 wherein the solid support is a particle. 

119. The kit of claim 1 1 7 which comprises two or more distinct DNA 

probes. 
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SEQUENCE LISTING 

<110> Primi, Oaniele 

<120> Methods of Detecting Polynucleotide Analytes 

<130> 03904.10931 

<140> 
<141> 

<160> 21 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 20 
<212> DNA 

<213> Hepatitis C virus 
<400> 1 

actccgccat gaaccactcc 

<210> 2 
<211> 21 
<212> DNA 

<213> Hepatitis C virus 
<400> 2 

gagtgtcgta cagcctccag g 

<210> 3 
<211> 24 
<212> DNA 
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<213> Hepatitis C virus 



<400> 3 

cccctgtgag gaactactgt cttc 24 

<210> 4 
<211> 21 
<212> DNA 

<213> Hepatitis C virus 



<400> 4 



aactactgtc ttcacgcaga a 21 



<210> 5 
<211> 18 
<212> DNA 

<213> Hepatitis C virus 
<400> 5 

atggcgttag tatgagtg 18 

<210> 6 
<211> 68 
<212> DNA 

<213> Hepatitis C virus 
<400> 6 

gggagagcca tagtggtctg cggaaccggt gagtacaccg gaattgccag gacgaccggg 60 
tcctttct 68 



<210> 7 
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<211> 68 
<212> DNA 

<213> Hepatitis C virus 
<400> 7 

agaaaggacc cggtcgtcct ggcaattccg 
gctctccc 
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gtgtactcac cggttccgca gaccactatg 60 

68 



<210> 8 
<211> 21 
<212> DNA 

<213> Hepatitis B virus 
<400> 8 

tctgcgaggc gagggagttc t 21 

<210> 9 
<211> 53 
<212> DNA 

<213> Hepatitis B virus 
<400> 9 

acctcaccat actgcactca ggcaagccat tctctgctgg ggggaattga tga 53 

<210> 10 
<211> 54 
<212> DNA 

<213> Hepatitis B virus 
<400> 10 

agaccaccaa atgcccctat cttatcaaca cttccggaaa ctactgttgt taga 54 
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<210> 11 
<211> 54 
<212> DNA 

<213> Hepatitis B virus 
<400> 11 

tctaacaaca gtagtttccg gaagtgttga taagataggg gcatttggtg gtct 54 

<210> 12 
<211> 22 
<212> DNA 

<213> Hepatitis G virus ' 



<210> 13 
<211> 52 
<212> DNA 

<213> Hepatitis G virus 
<400> 13 

cctattggtc aagagagaca ttgaagggcg acgtggaccg tacgtgggcg tt 52 

<210> 14 
<211> 23 
<212> DNA 

<213> Hepatitis C virus 



<400> 12 



agggttsgw ggtsgtaaat cc 



22 



<400> 14 



ggtgcacggt ctacgagaac etc 



23 



<210> 15 
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<211> 42 



<212> DNA 



<213> Hepatitis C virus 



<400> 15 



cggtgagtac accggaattg ccaggacgac cgggtccttt ct 
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<210> 16 
<211> 25 
<212> DNA 

<213> Hepatitis G virus 
<400> 16 

atcggtatag gaaaagaaat gccac 25 

<210> 17 

<211> 50 

<212> DNA 

<213> Homo sapiens 



<210> 18 
<211> 57 
<212> DNA 

<213> Human immunodeficiency virus 
<40O> 18 

tggaaaccaa aaatgatagg gggaattgga ggttttatca aagtaagaca gtatgat 57 



<40O> 17 



ttcattacac 



ctgcagctct cattttccat acagtcagta tcaattctgg 
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<211> 23 



<212> DNA 
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<213> Human Immunodeficiency virus 
<400> 19 

ctatgtgccc ttcttgccac aat 23 



<210> 20 
<211> 41 
<212> DNA 

<213> Human immunodeficiency virus 
<400> 20 



gggattaaat aaaatagtaa gaatgtatag ccctaccagc a 41 

<210> 21 
<211> 40 
<212> DNA 

<213> Hepatitis C virus 



<400> 21 

ggtcagatcg ttggtggagt ttacttgttg ccgcgcaggg 40 
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CLAIMS 

1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

synthesizing additional copies of the single-stranded polynucleotide 
analyte, wherein additional copies of the complement of the single-stranded 
polynucleotide analyte are not synthesized; and 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 
indicates the presence of the single-stranded polynucleotide analyte in the biological 
sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hybridization with the 
single-stranded polynucleotide analyte. 

3. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hybridization with the 
single-stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 
analyte is DNA. 

5. The method of claim 1 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein at least one of the one or more DNA 
[probe] probes is selected from the group consisting of the nucleotide sequences 
shown in SEQ ID NOS:6, 7, 9, 1 1, 13, and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 
20-100 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is 

less than 50 nucleotides in length. 

10. The method of claim 5 wherein one or more of the DNA probes is 
less than 1 00 nucleotides in length. 

11. The method of claim 5 wherein the first portion of the polynucleotide 

molecule is double-stranded DNA. 

12. The method of claim 1 wherein the solid support is a particle. 

13. The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

14. The method of claim 4 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

15. The method of claim 1 1 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 

double-stranded DNA. 

16. The method of claim 1 5 wherein the reagent is a protein. 

17. The method of claim 16 wherein the protein is a first antibody. 

18. The method of claim 1 7 wherein the first antibody comprises a 
detectable label. 

19. The method of claim 1 7 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

20. The method of claim 1 7 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

21. The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

22. The method of claim 2 1 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

23 . The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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24. The method of claim 23 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/^l. 

25. The method of claim 1 7 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

26. The method of claim 25 wherein the animal is an MRL/lpr mouse. 

27. The method of claim 1 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

31. The method of claim 27 wherein the second binding moiety is an 
antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

34. The method of claim 33 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

36. The method of claim 3 5 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

38. The method of claim 37 wherein the DNA probe comprises the 

nucleotide sequence shown in SEQ ID NO:13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 

sequence of an HTV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 

nucleotide sequence shown in SEQ ID NO: 18. 

41 . The method of claim 1 wherein two or more distinct DNA probes are 

bound to the solid support. 

42. The method of 41 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence of an HIV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43. The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

45 . The method of claim 44 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is 

a T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
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portions of the polynucleotide molecule are double-stranded DNA. 

49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

50. The method of claim 49 wherein the antibody comprises a detectable 

label. 

51. The method of claim 1 wherein the step of synthesizing employs one 
single-stranded DNA primer. 

52. The method of claim 1 wherein the step of synthesizing proceeds by 

linear kinetics. 

53. The method of claim 1 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l,2,3,4,5,8, 10, and 12. 

54. The method of claim 1 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

55. The method of claim 1 wherein the step of synthesizing uses a 
thermostable polymerase. 

56. The method of claim 55 wherein the step of synthesizing uses fewer 
than 45 polymerization cycles. 

57. The method of claim 56 wherein the step of synthesizing uses fewer 
than 30 polymerization cycles. 

58. The method of claim 1 wherein two or more distinct single-stranded 
DNA probes are bound to the solid support. 

59. The method of claim 5 8 wherein the step of synthesizing employs 
two or more distinct single-stranded DNA primers which are complementary to two 
or more distinct single-stranded DNA analytes. 

60. The method of claim 1 wherein the solid support comprises a first 
DNA probe which is complementary to a portion of a polynucleotide sequence of an 
HIV virus, a second DNA probe which is complementary to a portion of a 
polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
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complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

6 1 . The method of 60 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

62. A kit for detecting a single-stranded DNA analyte in a biological 

sample, comprising: 

at least one single-stranded DNA probe which comprises a first 

binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the steps of: 

synthesizing additional copies of the single-stranded DNA 
analyte prior to hybridizing the single-stranded DNA analyte with the at least one 
single-stranded DNA probe, wherein additional copies of the complement of the 
single-stranded polynucleotide analyte are not synthesized; and 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) at least one of 
the single-stranded DNA probes which is specifically hybridized to the single- 
stranded DNA analyte to form one or more first portions of the DNA molecule 
which are double-stranded, wherein the at least one single-stranded DNA probe is 
bound to the solid support, wherein detection of the first portion of the DNA 
molecule on the solid support indicates the presence of the single-stranded DNA 

analyte in the biological sample. 

63. The kit of claim 62 wherein the solid support is a particle. 

64. The kit of claim 62 which comprises two or more distinct DNA 

probes. 

65 . The kit of claim 62 further comprising a thermostable DNA 
polymerase. 
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66. The kit of claim 62 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

67. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS:l, 2, 

3, 5, 8, 10, and 12. 

68. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
polynucleotide analyte in the biological sample. 

69. A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support after 
hybridization with the single-stranded polynucleotide analyte, wherein detection of 
the first portion of the polynucleotide molecule on the solid support indicates the 
presence of the single-stranded polynucleotide analyte in the biological sample. 

70. The method of claim 69 wherein the single-stranded polynucleotide 
analyte is DNA. 

71 . The method of claim 69 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

72. The method of claim 7 1 wherein at least one of the one or more DNA 
probes is selected from the group consisting of the nucleotide sequences shown in 
SEQ ID NOS:6, 7, 9, 11, 13, and 18. 

73 . The method of claim 7 1 wherein one or more of the DNA probes is 

20-100 nucleotides in length. 

74. The method of claim 7 1 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

75. The method of claim 71 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

76. The method of claim 71 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

77. The method of claim 69 wherein the first portion of the 
polynucleotide molecule is double-stranded DNA. 

78. The method of claim 69 wherein the solid support is a particle. 

79. The method of claim 71 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

80. The method of claim 69 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

8 1 . The method of claim 69 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

82. The method of claim 8 1 wherein the reagent is a protein. 

83 . The method of claim 82 wherein the protein is a first antibody. 

84. The method of claim 83 wherein the first antibody comprises a 
detectable label. 

85 . The method of claim 83 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

86. The method of claim 69 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

87. The method of claim 86 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

88. The method of claim 87 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

89. The method of claim 88 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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90. The method of claim 89 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ul. 

9 1 . The method of claim 83 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

92. The method of claim 91 wherein the animal is an MRL/lpr mouse. 

93. The method of claim 69 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

94. The method of claim 93 wherein the first or second binding moiety is 

biotin. 

95. The method of claim 93 wherein the first or second binding moiety is 

avidin. 

96. The method of claim 93 wherein the first or second binding moiety is 
streptavidin. 

97. The method of claim 93 wherein the second binding moiety is an 
antibody. 

98. The method of claim 69 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

99. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

1 00. The method of claim 99 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

101. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

1 02. The method of claim 101 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

1 03 . The method of claim 69 wherein the single-stranded polynucleotide 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

1 04. The method of claim 1 03 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

1 05. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

106. The method of claim 1 05 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 1 8. 

1 07. The method of claim 69 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

1 08. The method of claim 69 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

1 09. The method of claim 69 further comprising the step of coupling 
additional double-stranded DNA to the polynucleotide molecule. 

110. The method of 1 09 wherein a dendrimer is coupled to the 
polynucleotide molecule. 

111. The method of claim 108 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

112. The method of claim 111 wherein the non-thermostable polymerase is 
a T4 polymerase. 

113. The method of claim 108 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 

114. The method of claim 108 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

115. The method of claim 1 14 wherein the antibody comprises a 
detectable label. 

116. The method of claim 69 wherein two or more distinct single-stranded 
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DNA probes are used. 

117. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
5 binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

1 0 written instructions for a method comprising the step of: 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) one or more 
single-stranded DNA probes which specifically hybridize to the single-stranded 
DNA analyte to form one or more first portions of the DNA molecule which are 

1 5 double-stranded, wherein at least one of the single-stranded DNA probes is bound to 

the solid support after hybridization with the single-stranded polynucleotide analyte, 
wherein detection of the first portion of the DNA molecule on the solid support 
indicates the presence of the single-stranded DNA analyte in the biological sample. 

118. The kit of claim 1 1 7 wherein the solid support is a particle. 

20 119. The kit of claim 1 1 7 which comprises two or more distinct DNA 

probes. 
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WO 99/28503 PCT/US98/24494' 

AMENDED CLAIMS 

[received by the International Bureau on 17 May 1999 (17.05 99)- 
original claims 1-79 replaced by new claims 1-119 (11 pages)] ' 

1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

synthesizing additional copies of the single-stranded polynucleotide 
analyte, wherein additional copies of the complement of the single-stranded 
polynucleotide analyte are not synthesized; and 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 
indicates the presence of the single-stranded polynucleotide analyte in the biological 
sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hybridization with the 
single-stranded polynucleotide analyte. 

3. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hybridization with the 
single-stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 
analyte is DNA. 

5. The method of claim 1 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein at least one of the one or more DNA 
[probe] probes is selected from the group consisting of the nucleotide sequences 
shown in SEQ ID NOS:6, 7, 9, 1 1, 13, and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 
20-100 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

10. The method of claim 5 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

1 1 . The method of claim 5 wherein the first portion of the polynucleotide 
molecule is double-stranded DNA. 

12. The method of claim 1 wherein the solid support is a particle. 

1 3 . The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

14. The method of claim 4 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

1 5. The method of claim 1 1 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

16. The method of claim 15 wherein the reagent is a protein. 

17. The method of claim 1 6 wherein the protein is a first antibody. 

1 8 . The method of claim 1 7 wherein the first antibody comprises a 
detectable label. 

19. The method of claim 17 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

20. The method of claim 1 7 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

21 . The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

22. The method of claim 2 1 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

23. The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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24. The method of claim 23 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ul. 

25. The method of claim 1 7 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

26. The method of claim 25 wherein the animal is an MRL/lpr mouse. 

27. The method of claim 1 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

3 1 . The method of claim 27 wherein the second binding moiety is an 
antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

34. The method of claim 33 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

36. The method of claim 35 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

38. The method of claim 37 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:18. 

4 1 . The method of claim 1 wherein two or more distinct DNA probes are 
bound to the solid support. 

42. The method of 41 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence of an HTV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43. The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

45. The method of claim 44 further comprising the'step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is 

a T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
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portions of the polynucleotide molecule are double-stranded DNA. 

49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 
5 50. The method of claim 49 wherein the antibody comprises a detectable 

label. 

5 1 . The method of claim 1 wherein the step of synthesizing employs one 
single-stranded DNA primer. 

52. The method of claim 1 wherein the step of synthesizing proceeds by 
10 linear kinetics. 

53. The method of claim 1 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l,2,3,4,5,8, 10, and 12. 

54. The method of claim 1 wherein the DNA probe is selected from the 
15 group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 

and 18. 

55. The method of claim 1 wherein the step of synthesizing uses a 
thermostable polymerase. 

56. The method of claim 55 wherein the step of synthesizing uses fewer 
20 than 45 polymerization cycles. 

57. The method of claim 56 wherein the step of synthesizing uses fewer 
than 30 polymerization cycles. 

58. The method of claim 1 wherein two or more distinct single-stranded 
DNA probes are bound to the solid support 

25 59. The method of claim 58 wherein the step of synthesizing employs 

two or more distinct single-stranded DNA primers which are complementary to two 

or more distinct single-stranded DNA analytes. 

60. The method of claim 1 wherein the solid support comprises a first 

DNA probe which is complementary to a portion of a polynucleotide sequence of an 
30 HIV virus, a second DNA probe which is complementary to a portion of a 

polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
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complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

61 . The method of 60 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

62. A kit for detecting a single-stranded DNA analyte in a biological 

sample, comprising: 

at least one single-stranded DNA probe which comprises a first 

binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other, [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the steps of: 

synthesizing additional copies of the single-stranded DNA 
analyte prior to hybridizing the single-stranded DNA analyte with the at least one 
single-stranded DNA probe, wherein additional copies of the complement of the 
single-stranded polynucleotide analyte are not synthesized; and 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) at least one of 
the single-stranded DNA probes which is specifically hybridized to the single- 
stranded DNA analyte to form one or more first portions of the DNA molecule 
which are double-stranded, wherein the at least one single-stranded DNA probe is 
bound to the solid support, wherein detection of the first portion of the DNA 
molecule on the solid support indicates the presence of the single-stranded DNA 
analyte in the biological sample. 

63 . The kit of claim 62 wherein the solid support is a particle. 

64. The kit of claim 62 which comprises two or more distinct DNA 

probes. 

65. The kit of claim 62 further comprising a thermostable DNA 
polymerase. 
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66. The kit of claim 62 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

67. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS: 1 , 2, 

5 3,5,8, 10, and 12. 

68. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
1 0 polynucleotide analyte in the biological sample. 

69. A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support after 
hybridization with the single-stranded polynucleotide analyte, wherein detection of 
20 the first portion of the polynucleotide molecule on the solid support indicates the 

presence of the single-stranded polynucleotide analyte in the biological sample. 

70. The method of claim 69 wherein the single-stranded polynucleotide 
analyte is DNA. 

71. The method of claim 69 wherein the one or more single-stranded 
25 polynucleotide probes are DNA probes. 

72. The method of claim 71 wherein at least one of the one or more DNA 
probes is selected from the group consisting of the nucleotide sequences shown in 
SEQIDNOS:6,7,9,ll,13,andl8. 

73. The method of claim 71 wherein one or more of the DNA probes is 
30 20-100 nucleotides in length. 

74. The method of claim 71 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

75. The method of claim 71 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

76. The method of claim 71 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

77. The method of claim 69 wherein the first portion of the 
polynucleotide molecule is double-stranded DNA. 

78. The method of claim 69 wherein the solid support is a particle. 

79. The method of claim 7 1 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

80. The method of claim 69 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

8 1 . The method of claim 69 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

82. The method of claim 8 1 wherein the reagent is a protein. 

83 . The method of claim 82 wherein the protein is a first antibody. 

84. The method of claim 83 wherein the first antibody comprises a 
detectable label. 

85 . The method of claim 83 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

86. The method of claim 69 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

87. The method of claim 86 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

88. The method of claim 87 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

89. The method of claim 88 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 



55 



AMENDED SHEET (ARTICLE 19) 



WO 99/28503 

PCT/US98/24494 

90. The method of claim 89 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ M l. 

91. The method of claim 83 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

92. The method of claim 91 wherein the animal is an MRL/lpr mouse. 

93. The method of claim 69 wherein the smgle-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

94. 

biotin. 

95. 

avidin. 

96. 

streptavidin. 

97. 
antibody. 

98. The method of claim 69 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

99. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

100. The method of claim 99 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

101. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

102. The method of claim 101 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

103. The method of claim 69 wherein the single-stranded polynucleotide 



The method of claim 93 wherein the first or second binding moiety is 
The method of claim 93 wherein the first or second binding moiety is 
The method of claim 93 wherein the first or second binding moiety is 
The method of claim 93 wherein the second binding moiety is an 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

104. The method of claim 103 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

105. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

106. The method of claim 105 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

107. The method of claim 69 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

108. The method of claim 69 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

109. The method of claim 69 further comprising the step of coupling 
additional double-stranded DNA to the polynucleotide molecule. 

110. Thememodofl09wheremaden(lrimeriscoupl S dtothe 
polynucleotide molecule. 

111. The method of claim 108 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

112. The method of claim 1 1 1 wherein the non-thermostable polymerase is 
a T4 polymerase. 

113. The method of claim 108 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 

1 14. The method of claim 108 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

115. The method of claim 1 14 wherein the antibody comprises a 
detectable label. 

116. The method of claim 69 wherein two or more distinct single-stranded 
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DNA probes are used. 

117. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the step of: 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) one or more 
single-stranded DNA probes which specifically hybridize to the single-stranded 
DNA analyte to form one or more first portions of the DNA molecule which are 
double-stranded, wherein at least one of the single-stranded DNA probes is bound to 
the solid support alter hybridization with the single-stranded polynucleotide analyte 
wherein detection of the first portion of the DNA molecule on the solid support 
indicates the presence of the single-stranded DNA analyte in the biological sample. 

118. Thekitof claim 117 wherein the solid support is a particle. 

119. Thekitof claim 117 which comprises two or more distinct DNA 

probes. 
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1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) a single-stranded polynucleotide analyte and 
(b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 

indicates the presence of the single-stranded polynucleotide analyte in the biological 

sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hyridization with the 
single-stranded polynucleotide analyte. 

3. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hyridization with the single- 
stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 
analyte is DNA. 

5 . The method of claim 1 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein the DNA probe'is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 11, 13, 
and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 20- 
100 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is less 
than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is less 
than 50 nucleotides in length. 
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10. The method of claim 5 wherein one or more of the DNA probes is less 
than 100 nucleotides in length. 

1 1 . The method of claim 4 wherein the first portion of the polynucleotide 
molecule is double-stranded DNA. 

5 12. The method of claim 1 wherein the solid support is a particle. 

13 . The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

14. The method of claim 4 wherein the biological sample is treated to 
10 form the single-stranded DNA analyte. 

1 5 . The method of claim 1 1 wherein the first portion of the polynucleotide 
molecule is detected using a reagent which specifically binds to double-stranded 
DNA 

16. The method of claim 15 wherein the reagent is a protein. 

15 17. The method of claim 16 wherein the protein is a first antibody. 

1 8 . The method of claim 1 7 wherein the first antibody comprises a 
detectable label. 

19. The method of claim 17 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 

20 the first antibody. 

20. The method of claim 17 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

2 1 . The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul. 

25 22. The method of claim 2 1 wherein the single-stranded DNA analyte is 

present in the biological sample at a concentration of less than 1 fg/ul. 

23 . The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 

24. The method of claim 23 wherein the single-stranded DNA analyte is 
30 present in the biological sample at a concentration of less than 0. 1 fg/ul. 
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25. The method of claim 1 7 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

26. The method of claim 25 wherein the animal is an MRL/lpr mouse. 

27. The method of claim 1 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically bind 
to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

31. The method of claim 27 wherein the second binding moiety is an 
antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33 . The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

34. The method of claim 33 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

36. The method of claim 35 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 
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38. The method of claim 37 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HIV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

— 41. The method of claim 1 wherein two or more distinct DNA probes are 
bound to the solid support 

42. The method of 42 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence-of an HTV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43. The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule comprises 
a second portion which is single-stranded. 

45 . The method of claim 44 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is a 
T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 
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49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA 

50. The method of claim 49 wherein the antibody comprises a detectable 

label. 

5 1 . The method of claim 4, further comprising the step of: 
synthesizing additional copies of the single-stranded DNA anah/te 

prior to hybridizing the single-stranded DNA anah/te with the one or more single- 
stranded DNA probes. 

52. The method of claim 5 1 wherein additional copies of the complement 
of the single-stranded DNA analyte are not synthesized. 

53. The method of claim 51 wherein the step of synthesizing employs one 
single-stranded DNA primer. 

54. The method of claim 51 wherein the step of synthesizing proceeds by 
linear kinetics. 

55. The method of claim 51 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l,2,3,4,5,8, 10, and 12. 

56. The method of claim 5 1 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

57. The method of claim 5 1 wherein the step of synthesizing uses a 
thermostable polymerase. 

58. The method of claim 57 wherein the step of synthesizing uses fewer 
than 45 polymerization cycles. 

59. The method of claim 58 wherein the step of synthesizing uses fewer 
than 30 polymerization cycles. 

60. The method of claim 51 wherein two or more distinct single-stranded 
DNA probes are bound to the solid support. 

6 1 . The method of claim 60 wherein the step of synthesizing employs two 
or more distinct single-stranded DNA primers which are complementary to two or 
more distinct single-stranded DNA analytes. 
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62. The method of claim 5 1 wherein the solid support comprises a first 
DNA probe which is complementary to a portion of a polynucleotide sequence of an 
HIV virus, a second DNA probe which is complementary to a portion of a 
polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

63. The method of 62 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

64. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; 

a solid support which comprises a second binding moiety, wherein the 
first and second binding moieties specifically bind to each other; and 

a monoclonal antibody which is capable of detecting double-stranded 

DNA 

65. The kit of claim 64 further comprising written instructions for a 
method comprising the step of: 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) a single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

66. The kit of claim 64 further comprising written instructions for a 
method comprising the steps of: 

synthesizing additional copies of a single-stranded DNA analyte prior 
to hybridizing the single-stranded DNA analyte with one or more single-stranded 
DNA probes; and 



45 



WO 99/28503 „ 

PCT/US98/24494 

* 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) the single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

67. The kit of claim 64 wherein the solid support is a particle. 

68. The kit of claim 64 which comprises two or more distinct DNA 

probes. 

69. The lot of claim 66 farther comprising a thermostable DNA 
polymerase. 

70. The kit of claim 66 farther comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

71 . A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

a solid support which comprises a single-stranded DNA probe; and 
a monoclonal antibody which is capable of detecting double-stranded 

DNA 

72. The kit of claim 71 farther comprising written instructions for a 
. method comprising the step of: 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) a single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

73. The lot of claim 71 farther comprising written instructions for a 
method comprising the steps of: 
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synthesizing additional copies of a single-stranded DNA analyte prior 
to hybridizing the single-stranded DNA analyte with one or more single-stranded 
DNA probes; and 

detecting a DNA molecule on a solid support, wherein the DNA 
molecule comprises (a) the single-stranded DNA analyte and (b) one or more single- 
stranded DNA probes which specifically hybridize to the single-stranded DNA 
analyte to form one or more first portions of the DNA molecule which are double- 
stranded, wherein at least one of the single-stranded DNA probes is bound to the 
solid support, wherein detection of the first portion of the DNA molecule on the solid 
support indicates the presence of the single-stranded DNA analyte in the biological 
sample. 

74. The kit of claim 71 wherein the solid support is a particle. 

75. The kit of claim 71 wherein the solid support comprises two or more 
distinct DNA probes. 

76. The kit of claim 73 further comprising a thermostable DNA 
polymerase. 

77. The kit of claim 73 further comprising a single-stranded DNA primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

78. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS: 1, 2, 
3, 5, 8, 10, and 12. 

79. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
polynucleotide analyte in the biological sample. 
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contrary to Article 19(2) PCT. 
The amendments concerned are the following: 

The feature "non-exponential kinetics" includes all non-exponential kinetics. 

The description (page 10 lines 21-27) and claim 52 only mention linear 

kinetics. 

The feature "one single-stranded primer" jncludes_ one single-stranded DNA 
and RNA primers. The description (page 10 lines 28-30) and claim 51 only 
disclose one single-stranded DNA primer. 

2. Section V 

Reference is made to the following documents: 

D1 MANTERO G et al., CLINICAL CHEMISTRY, vol. 37, no. 3, 1 March 1991 , pages 
422-429. 

D2 WO 97 27333 A, 31 July 1997 
D3 EP 0 462 353 A, 27 December 1991 
D4 WO 95 30746 A, 16 November 1995 
D5 WO 97 39129 A, 23 October 1 997 
D6 WO 97 40193 A, 30 October 1997 

D7 DATABASE GCG-GENSEQ embl AC:T76940, 28 October 1 997 NIAKKU: "NonA 
nonB non C hepatitis virus gene" XP002095422. 

D1 (page 422 column 1 lines 1-25) describes the amplification of target sequences, 
hybridization of amplified DNA with solid-phase bound capture probes and the 
detection of double-stranded hybrids by double-stranded DNA specific antibodies. D1 
further discloses the nucleotide sequence of HBV primer SEQ ID 8 & HBV probe SEQ 
ID 9 (page 422 column 2 lines 45- page 423 column 1 line 2). 

D2 disclose a method for detecting a nucleotide acid sequence in a sample comprising 
immobilization of target sequence or amplified target sequence by capture probe and 
the detection of double-stranded hybrids by double-stranded DNA specific antibodies 
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(claims 1 , 9 & 1 1). D2 further discloses a kit comprising a primer pair, a solid phase 
labelled nucleotide probe and a double helix nucleic acid specific ligand (claim 12). 

D3 discloses a method for determining the presence of a target nucleotide sequence in 

a sample comprising the following steps: 

the target nucleotide is denatured and amplified (optional, claim 9) 
the target nucleotide has been made available in single-stranded form (claim 1) 
hybridisation to a nucleotide probe, which is complementary to the target 
sequence, and which is preferably immobilised on a solid substrate (claim 8) 
detection of the probe/target hybrid by_an anti-nucleic-acid antibody adapted 
electively to distinguish double-stranded from single-stranded sequences (claim 1) 

The document further discloses a kit for carrying out the above-mentioned method 

(claim 1 1 ). 

D4 discloses the antisense nucleotide sequence of HCV primers SEQ ID 3 & 5 (page 
26, SEQ ID 2 & page 27, SEQ ID 4). 

D5 discloses the nucleotide sequence of HGV primer SEQ ID 12 (page 26 SEQ ID 5). 

D6 (abstract) relates to a method for detection of HBV in a biological sample, In which 
the polynucleic acids of the sample are hybridized with a combination of at least 2 
nucleotide probes, with said probes being bound to a solid support. The document 
further discloses the nucleotide sequence of HBV primer SEQ ID 8 and a kit for carrying 
out the above-mentioned method. 

D7 discloses the nucleotide sequence of HGV probe SEQ ID 13 (abstract). 

2.1 The subject-matter of claim 1 does not meet the requirements of Article 33(2) 
PCT. As a result of the unclear wording of the amplification process, the 
synthesizing step of claim 1 is considered to encompass a conventional PCR 
amplification reaction (see section VIII, point 4.1 below). 

D1-D3 & D6 anticipate the novelty (Article 33(2) PCT) of the subject-matter of 
claim 1. 

2.2 The subject-matter of claims 2, 4-19, 25-33, 35-37, 39, 41, 44, 49, 50, 53-56, 58, 
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59 & 68 is not novel (Article 33(2) PCT). 

D1 is prejudicial to the novelty of claims 2, 4-11, 13-18,25-29,31,32,35, 

36, 39, 44, 53-56 & 68 

D2 is prejudicial to the novelty of claims 2, 4, 5, 7-1 1 , 1 4, 1 5, 25, 27, 32, 33, 

37, 44, 49, 50, 55, 56 & 68 

D3 is prejudicial to the novelty of claims 2, 4, 5, 11-19, 25-32, 35, 44, 55 & 
68 

D6 anticipates the novelty of claims 2, 4, 5, 7-1 1,15, 32, 35, 41 , 44, 53, 58, 
59 & 68. 

2.3 "Binding the probe to the solid support after hybridization" (claim 3), "the 
sensitivity of the method of detection" (claims 20-24) and "the step of synthesizing 
using fewer than 30 polymerization cycles" (claim 57) are not disclosed in any of 
the available prior art documents and therefore novel (Article 33(2) PCT). 
However, these technical features are merely one of several straightforward 
possibilities from which the skilled person would select, in accordance with 
circumstances, without the exercise of inventive skill. Therefore, the subject- 
matter of claims 3, 20-24 & 57 is considered not to involve an inventive step 
(Article 33(3) PCT). 

2.4 The nucleotide sequences SEQ ID NO:6 (claim 34), SEQ ID NO: 1 3 (claim 38), 
SEQ ID NO: 18 (claim 40) of the DNA probes render these claims novel over D3, 
which is considered to represent the closest prior art. 

SEQ ID NO: 13 (claim 38) is disclosed in D7. The subject-matter of claim 38 is 
therefore considered not to involve an inventive step (Article 33(3) PCT). There is 
no indication of the other sequences in the available prior art. Thus, the subject- 
matter of claims 34 & 40 is inventive (Article 33(3) PCT). Claims 42, 43, 60 & 61 
are inventive for the same reasons. 

2.5 The additional feature "the detection method further comprises a step of 
synthesizing additional copies of the double-stranded portions of the 
polynucleotide molecule (claims 45-48)" renders the claim novel over D3, which is 
considered to represent the closest prior art. There is no indication in any of the 
available prior art documents of an extra amplification step of the double-stranded 
formed hybrids. Therefore, the subject-matter of claims 45-48 is considered to 
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involve an inventive step (Article 33(3) PCT). 

2.6 The subject-matter of claims 51 & 52 differs from D3, which is considered to 
represent the closest prior art, only in that: 

use of only one single-stranded DNA primer (claim 51) 
the step of synthesizing proceeds by linear kinetics (claim 52) 
There is no indication in any of the available prior art documents of the above- 
mentioned amplification characteristics. Therefore, It is not obvious for a skilled 
person to perform said amplification reaction. Thus, the subject-matter of claims 
51 & 52 is considered to involve an inventive step (Article 33(3) PCT). 

2.7 The subject-matter of claims 62-66 is not novel (Article 33(2) PCT) for the same 
reason as explained in point 2.1 above. 

2.8 The subject-matter of claim 67 is novel and inventive (Article 33(2) and 33(3)PCT) 
because none of the available prior art documents discloses or suggest single- 
stranded DNA primers consisting of the nucleotide sequences SEQ ID NOs:1, 2 
and 10. 

2.9 D1 -D3 & D6 anticipate the novelty (Article 33(2) PCT) of claim 69. 

For the examination for novelty and inventive step of dependent claims 70-1 16, 
reference is made to points 2.2, 2.3, 2.4, 2.5 & 2.6 above. 

2.10 D1-D3 & D6 anticipate the novelty (Article 33(2) PCT) of claim 1 17. D3 (page 2 
column 2 lines 50-58) is further prejudicial to the novelty (Article 33(2) PCT) of 
claim 1 18 and D6 to the novelty of claim 119. 

3. Section VII 

Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D3 & D6 are not mentioned in the description, nor 
are these documents identified therein. 
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4. Section VIII 

4. 1 The sentence "synthesizing additional copies of the single-stranded 
polynucleotide analyte, wherein additional copies of the complement of the single- 
stranded polynucleotide analyte are not synthesized" used in claim 1 & 62 is 
vague and unclear and leaves the reader in doubt as to the meaning of the 
technical features to which it refers, thereby rendering the definition' of the subject- 
matter of said claims unclear (Article 6 PCT). Since an amplification reaction is 
based on synthesizing the complement of a polynucleotide sequence on which the 
primer is annealing, it is not clear how one can synthesize additional copies 
without having the complement of the single stranded polynucleotide analyte. 

4.2 The term "to all or a portions of " used in claims 33, 35, 37, 39, 42, 45, 60, 99, 
101,103, 105 & 108 is vague and unclear and leaves the reader in doubt as to the 
meaning of the technical features to which it refers, thereby rendering the 
definition of the subject-matter of said claims unclear (Article 6 PCT). The 
particular identifying characteristics of said portions should be included in order to 
exclude variants which are not further specified. 

4.3 The length of the DNA probe as described in the claims 8-1 0 & 74-76 of the 
present invention and the length of the DNA probe described in the description 
(page 5 line 30-page 6 line 2) are not the same. This inconsistency between the 
claims and the description leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear (Article 6 PCT). 

4.4 The number of dependent claims can be reduced by using multiple back 
references. 
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CLAIMS 

1 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

synthesizing additional copies of the single-stranded polynucleotide 
analyte, wherein additional copies of the complement of the single-stranded 
polynucleotide analyte are not synthesized; and 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support, wherein 
detection of the first portion of the polynucleotide molecule on the solid support 
indicates the presence of the single-stranded polynucleotide analyte in the biological 
sample. 

2. The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support prior to hybridization with the 
single-stranded polynucleotide analyte. 

3 . The method of claim 1 wherein the at least one single-stranded 
polynucleotide probe is bound to the solid support after hybridization with the 
single-stranded polynucleotide analyte. 

4. The method of claim 1 wherein the single-stranded polynucleotide 

analyte is DNA. ' 

5 . The method of claim 1 wherein the one or more single-stranded 

polynucleotide probes are DNA probes. 

6. The method of claim 5 wherein at least one of the one or more DNA 
[probe] probes is selected from the group consisting of the nucleotide sequences 
shown in SEQ ID NOS:6, 7, 9, 11, 13, and 18. 

7. The method of claim 5 wherein one or more of the DNA probes is 

20- 1 00 nucleotides in length. 

8. The method of claim 5 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

9. The method of claim 5 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

1 0. The method of claim 5 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

1 1 . The method of claim 5 wherein the first portion of the polynucleotide 
molecule is double-stranded DNA. 

12. The method of claim 1 wherein the solid support is a particle. 

1 3 . The method of claim 5 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

1 4. The method of claim 4 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

1 5 . The method of claim 1 1 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

1 6. The method of claim 1 5 wherein the reagent is a protein. 

1 7. The method of claim 1 6 wherein the protein is a first antibody. 

18. The method of claim 1 7 wherein the first antibody comprises a 
detectable label. 

19. The method of claim 17 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

20. The method of claim 1 7 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

2 1 . The method of claim 20 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/ul 

22. The method of claim 2 1 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/j-il. 

23 . The method of claim 22 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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24. The method of claim 23 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.1 fg/ul. 

25 . The method of claim 1 7 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. ~~ ' 

26. The method of claim 25 wherein the animal is an MRLApr mouse. 

27. The method of claim 1 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

28. The method of claim 27 wherein the first or second binding moiety is 

biotin. 

29. The method of claim 27 wherein the first or second binding moiety is 

avidin. 

30. The method of claim 27 wherein the first or second binding moiety is 
streptavidin. 

31. The method of claim 27 wherein the second binding moiety is an 
antibody. 

32. The method of claim 1 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

33 . The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 

sequence of a hepatitis C virus. <- 

34. The method of claim 33 wherein the DNA probe comprises the 

nucleotide sequence shown in SEQ ID NO:6. 

35. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus . 

36. The method of claim 3 5 wherein the DNA probe comprises the 

nucleotide sequence shown in SEQ ID NO:9. 

37. The method of claim 1 wherein the single-stranded polynucleotide 



42 



AMENDED SHEET 



probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

38. The method of claim 37 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

39. The method of claim 1 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HTV virus. 

40. The method of claim 39 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO : 1 8 . 

41 . The method of claim 1 wherein two or more distinct DNA probes are 

bound to the solid support. 

42. The method of 41 wherein the solid support comprises a first DNA 
probe which is complementary to a portion of a polynucleotide sequence of an HIV 
virus, a second DNA probe which is complementary to a portion of a polynucleotide 
sequence of a hepatitis B virus, and a third DNA probe which is complementary to a 
portion of a polynucleotide sequence of a hepatitis C virus. 

43 . The method of claim 42 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

44. The method of claim 1 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

45 . The method of claim 44 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

46. The method of claim 45 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

47. The method of claim 46 wherein the non-thermostable polymerase is 

a T4 polymerase. 

48. The method of claim 45 wherein the additional double-stranded 
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portions of the polynucleotide molecule are double-stranded DNA. 

49. The method of claim 48 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

50. The method of claim^9 wherein the antibody comprises a detectable 

label. 

5 1 . The method of claim 1 wherein the step of synthesizing employs one 
single-stranded DNA primer. 

52. The method of claim 1 wherein the step of synthesizing proceeds by 
linear kinetics. 

53. The method of claim 1 wherein the single-stranded DNA primer is 
selected from the group consisting of the nucleotide sequences shown in SEQ ID 
NOS:l,2,3,4, 5, 8, 10, and 12. 

54. The method of claim 1 wherein the DNA probe is selected from the 
group consisting of the nucleotide sequences shown in SEQ ID NOS:6, 7, 9, 1 1, 13, 
and 18. 

55. The method of claim 1 wherein the step of synthesizing uses a 
thermostable polymerase. 

56. The method of claim 55 wherein the step of synthesizing uses fewer 
than 45 polymerization cycles. 

57. The method of claim 56 wherein the step of synthesizing uses fewer 
than 30 polymerization cycles. 

58. The method of claim 1 wherein two or more distinct-single-stranded 
DNA probes are bound to the solid support. 

59. The method of claim 58 wherein the step of synthesizing employs 
two or more distinct single-stranded DNA primers which are complementary to two 
or more distinct single-stranded DNA analytes. 

60. The method of claim 1 wherein the solid support comprises a first 
DNA probe which is complementary to a portion of a polynucleotide sequence of an 
HIV virus, a second DNA probe which is complementary to a portion of a 
polynucleotide sequence of a hepatitis B virus, and a third DNA probe which is 
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complementary to a portion of a polynucleotide sequence of a hepatitis C virus. 

61 . The method of 60 wherein the first DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18, the second DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9, and the third DNA probe comprises 
the nucleotide sequence shown in SEQ ID NO:6. 

62. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the steps of: 

synthesizing additional copies of the single-stranded DNA 
analyte prior to hybridizing the single-stranded DNA analyte with the at least one 
single-stranded DNA probe, wherein additional copies of the complement of the 
single-stranded polynucleotide analyte are not synthesized; and 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) at least one of 
the single-stranded DNA probes which is specifically hybridized to the single- 
stranded DNA analyte to form one or more first portions of the DNA molecule 
which are double-stranded, wherein the at least one single-stranded DNA probe is 
bound to the solid support, wherein detection of the first portion of the DNA 
molecule on the solid support indicates the presence of the single-stranded DNA 
analyte in the biological sample. 

63 . The kit of claim 62 wherein the solid support is a particle. 

64. The kit of claim 62 which comprises two or more distinct DNA 

probes. 

65. The kit of claim 62 further comprising a thermostable DNA 
polymerase. 
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66. The kit of claim 62 further comprising a singlt-dlrandea DNA" primer 
for synthesizing additional copies of the single-stranded DNA analyte. 

67. A single-stranded DNA primer which consists of a sequence selected 
from the group consisting of the nucleotide sequences shown in SEQ ID NOS:l, 2, 
3, 5, 8, 10, and 12. 

68. The method of claim 1 further comprising the step of: 
quantitating the polynucleotide molecules on the solid support which 

comprise first portions which are double-stranded, wherein a quantity of the 
polynucleotide molecules is correlated with a quantity of the single-stranded 
polynucleotide analyte in the biological sample. 

69 . A method of detecting the presence of a single-stranded 
polynucleotide analyte in a biological sample, comprising the step of: 

detecting a polynucleotide molecule on a solid support, wherein the 
polynucleotide molecule comprises (a) the single-stranded polynucleotide analyte 
and (b) one or more single-stranded polynucleotide probes hybridized to the single- 
stranded polynucleotide analyte to form one or more first portions of the 
polynucleotide molecule which are double-stranded, wherein at least one of the 
single-stranded polynucleotide probes is bound to the solid support after 
hybridization with the single-stranded polynucleotide analyte, wherein detection of 
the first portion of the polynucleotide molecule on the solid support indicates the 
presence of the single-stranded polynucleotide analyte in the biological sample. 

70. The method of claim 69 wherein the single-stranded polynucleotide 
analyte is DNA. 

7 1 . The method of claim 69 wherein the one or more single-stranded 
polynucleotide probes are DNA probes. 

72. The method of claim 71 wherein at least one of the one or more DNA 
probes is selected from the group consisting of the nucleotide sequences shown in 
SEQ ID NOS:6, 7, 9, 11, 13, and 18. 

73 . The method of claim 7 1 wherein one or more of the DNA probes is 
20-100 nucleotides in length. 

74. The method of claim 7 1 wherein one or more of the DNA probes is 
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less than 20 nucleotides in length. 

75. The method of claim 71 wherein one or more of the DNA probes is 
less than 50 nucleotides in length. 

76. The method of claim 71 wherein one or more of the DNA probes is 
less than 100 nucleotides in length. 

77. The method of claim 69 wherein the first portion of the 
polynucleotide molecule is double-stranded DNA. 

78. The method of claim 69 wherein the solid support is a particle. 

79. The method of claim 71 wherein at least one single-stranded DNA 
probe which is not bound to the solid support comprises a segment which is double- 
stranded DNA. 

80. The method of claim 69 wherein the biological sample is treated to 
form the single-stranded DNA analyte. 

8 1 . The method of claim 69 wherein the first portion of the 
polynucleotide molecule is detected using a reagent which specifically binds to 
double-stranded DNA. 

82. The method of claim 8 1 wherein the reagent is a protein. 

83. The method of claim 82 wherein the protein is a first antibody. 

84. The method of claim 83 wherein the first antibody comprises a 
detectable label. 

85. The method of claim 83 wherein specific binding of the first antibody 
to double-stranded DNA is detected by a second antibody which specifically binds to 
the first antibody. 

86. The method of claim 69 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.3 pg/ul. 

87. The method of claim 86 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 5 fg/u.1. 

88. The method of claim 87 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 1 fg/ul. 

89. The method of claim 88 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0.5 fg/ul. 
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90. The method of claim 89 wherein the single-stranded DNA analyte is 
present in the biological sample at a concentration of less than 0. 1 fg/ul. 

91. The method of claim 83 wherein the first antibody is a monoclonal 
antibody produced using spleen cells from an animal which is susceptible to 
autoimmune disease. 

92. The method of claim 9 1 wherein the animal is an MRL/lpr mouse. 

93 . The method of claim 69 wherein the single-stranded polynucleotide 
probe comprises a first binding moiety and wherein the solid support comprises a 
second binding moiety, wherein the first and second binding moieties specifically 
bind to each other. 

94. The method of claim 93 wherein the first or second binding moiety is 

biotin. 

95. The method of claim 93 wherein the first or second binding moiety is 

avidin. 

96. The method of claim 93 wherein the first or second binding moiety is 
streptavidin. 

97. The method of claim 93 wherein the second binding moiety is an 
antibody. 

98. The method of claim 69 wherein the single-stranded polynucleotide 
probe is covalently bound to the solid support. 

99. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis C virus. 

1 00. The method of claim 99 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:6. 

101. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis B virus. 

1 02. The method of claim 1 0 1 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO:9. 

103. The method of claim 69 wherein the single- stranded polynucleotide 
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probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of a hepatitis G virus. 

1 04. The method of claim 1 03 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 13. 

105. The method of claim 69 wherein the single-stranded polynucleotide 
probe is a DNA probe which is complementary to all or a portion of a polynucleotide 
sequence of an HTV virus. 

1 06. The method of claim 1 05 wherein the DNA probe comprises the 
nucleotide sequence shown in SEQ ID NO: 18. 

1 07. The method of claim 69 wherein the polynucleotide molecule 
comprises a second portion which is single-stranded. 

108. The method of claim 69 further comprising the step of: 
synthesizing at least one polynucleotide strand which is 

complementary to all or a part of the second portion of the polynucleotide molecule 
to form additional double-stranded portions of the polynucleotide molecule. 

109. The method of claim 69 further comprising the step of coupling 
additional double-stranded DNA to the polynucleotide molecule. 

110. The method of 1 09 wherein a dendrimer is coupled to the 
polynucleotide molecule. 

111. The method of claim 1 08 wherein the step of synthesizing uses a non- 
thermostable polymerase. 

112. The method of claim 1 1 1 wherein the non-thermostable polymerase is 
a T4 polymerase. 

113. The method of claim 1 08 wherein the additional double-stranded 
portions of the polynucleotide molecule are double-stranded DNA. 

114. The method of claim 1 08 wherein the additional double-stranded 
portions of the polynucleotide molecule are detected using an antibody which 
specifically binds to double-stranded DNA. 

115. The method of claim 1 1 4 wherein the antibody comprises a 
detectable label. 

116. The method of claim 69 wherein two or more distinct single-stranded 
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DNA probes are used. 

117. A kit for detecting a single-stranded DNA analyte in a biological 
sample, comprising: 

at least one single-stranded DNA probe which comprises a first 
binding moiety; ~ ' 

a solid support which comprises a second binding moiety, wherein 
the first and second binding moieties specifically bind to each other; [and] 

a monoclonal antibody which is capable of detecting double-stranded 

DNA; and 

written instructions for a method comprising the step of: 

detecting a DNA molecule on the solid support, wherein the 
DNA molecule comprises (a) the single-stranded DNA analyte and (b) one or more 
single-stranded DNA probes which specifically hybridize to the single-stranded 
DNA analyte to form one or more first portions of the DNA molecule which are 
double-stranded, wherein at least one of the single-stranded DNA probes is bound to 
the solid support after hybridization with the single-stranded polynucleotide analyte, 
wherein detection of the first portion of the DNA molecule on the solid support 
indicates the presence of the single-stranded DNA analyte in the biological sample. 

118. The kit of claim 1 1 7 wherein the solid support is a particle. 

119. The kit of claim 1 1 7 which comprises two or more distinct DNA 

probes. 
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